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PREFACE. 


IF  knowledge  be  valuable  in  proportion  as  it  is 
produftlve  of  beneficial  effefls  to  mankind; 
chemiftry  undoubtedly  will  bear  the  preference.  The 
importance  of  health  is  fufficiently  obvious;  the  prin- 
cipal proceffes  which  are  carried  on  in  the  animal  body 
to  produce  that  ftate,  are  entirely  dependent  on  che- 
mical principles ;  and  the  derangements  and  interrup- 
tions which  frequently  occur  and  conftitute  difeafe, 
are  principally  remedied  by  the  chemical  aftion  and 
combination  of  medicines.  Yet,  in  a  ftate  of  health, 
our  happinefs  would  be  of  Ihort  duration,  were  che- 
mical principles  confined  to  animal  proceffes;  for 
the  means  which  the  great  Lord  of  the  Creation  has 
appointed  to  fupport  it,  are  fo  immediately  con- 
ne£ted  with  them ;  that  a  temporary  fufpenfion  of 
them  in  the  grand  ceconomy  of  nature,  would  be 
fatiil  to  all  animal  life. 

Agriculture  which  fupplies  all  our  neceffities, 
derives  its  power  from  chemiftry.  The  mechanical 
operations  of  hufbandry,  only  difpofc  the  earth  to 
perform  thofe  proceffes  effential  to  vegetation  with 
greater  facility.    The  efficacy  of  manures,  as  afford- 

A  2  ing 


iv 


PREFACE. 


ing  warmth,  moifture,  or  nutriment,  for  the  tender " 
plants,  can  only  be  deduced  from  chemical  princi- 
ples ;  and  the  very  growth  and  perfedion  of  them, 
can  only  be  promoted  by  the  aflimilation  of  fimple 
particles,  produced  by  various  chemical  decompo- 
fitions  and  new  combinations.  So  that  "Chemiftry 
"  is  of  the  fame  importance  to  agriculture,  and  all 
"  the  more  particular  branches  of  rural  ceconomy 
"  that  aftronomy  is  to  navigation." 

With  refpedl  to  the  arts,  moft  of  them  depend 
on  chemiftry  for  their  perfeftion.  The  fmelting  of 
ores;  the  manufaduring  of  metals;  the' elegance 
and  durability  of  dying ;  the  making  of  glafs,  porce- 
lain, &c.  all  derive  their  great  beauty  and  utility 
from  the  fame  fource.  Moft  of  thefe  proceffes  are 
conduced  by  artifts  who  are  intirely  ignorant  of  their 
principles;  but  in  general  have  acquired  a  confider- 
able  degree  of  certainty  and  ingenuity  from  pradice. 
But  ftiould  any  unexpedted  circumftance  arife, 
which  they  have  not  experienced  before;  they  are  in- 
volved in  a  diificulty  which  all  their  praftice  cannot 
extricate  them  from;  and  which  in  all  probability  can 
only  be  furmounted,  by  a  proper  reference  to,  and 
application  of,  the  principles  of  the  art.  So  that 
many  lolTes  muft  unavoidably  be  incurred  in  work- 
ing, from  the  want  of  fuch  fundamental  knowledge. 
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To  obviate  which  infome  degree,  in  the  metallic 
arts,  was  the  principal  inducement  for  the  prefent  un- 
dertaking. The  introdudion  to  the  ftudy  of  che- 
miftry  is  by  no  means  offered  as  perfeft  it  is  only 
intended  to  communicate  general  ideas  on  the  fub- 
je6t  J  but  the  author  flatters  himfelf^  that  fliould  it  in- 
cite a  defire  of  being,  farther  informed,  that  it  will 
much  facilitate  the  underftanding  of  more  fcientific 
writers. 

The  knowledge  of  metallic  artifts,  feldom  extends 
farther  than  what  immediately  concerns  their  own 
employment^  many  of  them  have  not  the  leaft  con- 
ception of  the  method  of  extrafting  metals  from  their 
ores;  or  of  the  application  of  them  to  luch  various 
purpofesi  the  author  therefore  prefumed,  that  a  pub- 
lication of  this  nature  exhibiting  their  origin,  chemi- 
cal properties,  and  different  combinations;  might  be 
really  ferviceable  to  the  different  manufafturers, 
whofe  intereil  it  is  to  gain  fuch  general  information. 
Authors  of  the  greatefl  eminence  have  been  con- 
fulted  and  ufed  on  the  prefent  occafion ;  and  when- 
ever they  have  been  deficient  in  point  of  pradlice,  ap- 
plication has  been  made  to  working  artifls:  fo  that 
every  endeavour  has  been  exerted  to  render  the  work 
as  ufeful  as  pofTible.  And  with  a  view  to  make  it  ftill 
more  ferviceable,  a  fliort  account  of  the  mofl  trouble- 
fome  diforders,  to  which  fuch  perfons  are  expofed, 
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is  inferted  in  the  end  j  accompanied  with  fome  plain 
and  general  diredtlons  refpedling  the  means  of  pre- 
vention and  cure.    By  attending  to  thefe,  it  is  hoped 
the  artifts  will  be  enabled  to  obviate  and  remove 
many  of  their  fufferings.    It  is  proper  however  to 
inform  them,  that  thefe  diredions  are  not  meant  to 
feEafide  in  every  cafe  application  to  the  faculty,  to 
xehom  on  the  contrary  we  would  advife  them  to  have 
recourfe,  if  their  complaints  do  not  yield  to  the 
methods  therein  propofed.  . 

The  Author  takes  this  opportunity  of  acknow- 
ledging that  in  this  part  of  the  work,  he  is  indebted 
toaFriendandPhyficianof  the  town  in  which  he 
refides  for  feveral  hints. 

To  enable  thofe  who  have  a  tafte  for  experiment, 
to  make  them  on  a  fmall  fcale,  we  have  given  a  ge- 
neral  defcription  of  inftruments  for  the  purpofe  of 
philofophical  chemiftry.  We  could  not  give  a  de- 
fcription of  thofe  employed  in  the  working  at  large 
without  plates  of  reference,  which  would  have  been 
expenfive;  but  ihould  the  public  ever  demand  a  fe- 
Gond  edition,  they  are  intended  tp  be  added, 
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CONCISE  INTRODUCTION 

TO  THB 

STUDY  OF  CHEMISTRY. 


INTRODUCTION. 


HEMISTRY  is  divided  into  two  parts,  viz. 
analyfiSj  and  fynthefis. 


I.  Analyfis  is  the  decompofition  or  rcfolution  of 
bodies,  into  their  conftituent  parts. 

-  II.  Synthefis  is  the  re-compofition  of  fuch  parts, 
forming  the  original  compound. 


THE  fubje6ls  of  chemiftry,  are  all  bodies  pro- 
duced either  by  nature  or  art.  It  is  only  by  certain 
means,  that  we  can  inveftigate  the  principles  of  fuch 
bodies ;  thefe  means  are  called  chemical  proceffes ; 
^nd  confjft  of 

I.  RESOLUTION. 

BY  refolution  is  meant  the  divifion  of  the  various 
fubftances,  compofmga  fimple  or  mixed  body;  reduc- 
ing it  either  into  its  integrant  or  component  parts. 
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The  integrant  parts  of  a  body,  are  the  fmallefl 
particles  into  which  it  can  be  divided,  without  fepa- 
rating  its  component  parts. 

The  component  parts  of  a  body,  are  the  differenf 
fabftances  united  together,  forming  the  compound; 
as  the  mineral  alkali  and  muriatic  acid,  are  the  com- 
ponent parts  of  common  fait. 

II.  MIXTURE. 

MIXTURE,  is  the  combination  of  different 
bodies  among  themfelves,  and  may  be  found  in  three 
ftates,  viz.  Firft,  mechanical  mixture;  fccondly,  dif- 
fufion ;  and  thirdly,  chemical  union. 

I.  Mechanical  mixture,  is  when  the  particles  of 
the  one  body  attrad  one  another  more  ftrongly, 
than  thofeof  the  other  body;  in  this  cafe,  the  fub- 
ftance  in  fmalleft  quantity,  is  broken  into  fmallmaffes, 
which  are  furrounded  by  the  particles  of  the  odierj 
and  the  two  fubftances  are  feparable,  by  fubfiding.  A 
mixture  of  chalk  and  water,  exemplifies  this  modc_ 
of  combination. 

II.  Diffufion,  is  when  the  particles  of  one  fub- 
ftance,  attraft  thofe  of  another,  as  ftrongly  as  they  do 
one  another;  fo  that  the  fubftances  are  broken  down 
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into  their  fmalleft  integrant  parts ;  and  are  uniformly 
mixed,  but  may  be  feparated  by  filtration  or  freezing. 
It  is  on  this  principle  of  combination,  that  dyers 
work. 

III.  Chemical  union,  is  when  the  particles  of 
one  fubftance  attraftthe  particles  of  another,  ftronger 
than  they  attrafb  one  another;  and  the  union  can 
only  be  deftroyed,  by  the  addition  of  fome  other  fim- 
ple  or  compound1x)dy ;  which  has  a  ftronger  attrac- 
tion, to  one  or  both  of  the  conftituent  paxts  of  die 
firft  combination. 


III.  SOLUTION. 

WHEN  a  folid  body  is  diflblved  in  a  fluid,  with-*- 
out  deftroying  its  tranfparencyj  as  common  fait  dif- 
lblved in  water;  the  operation  is  called  folution. 
As  the  water  is  looked  upon  to  be  the  principal 
agent,  it  is  called  the  folvent,  or  menllruumj  and 
the  felt  the  folvend.  ' 


IV.  SATURATION. 

AS  a  folvent  cannot  a6t  unlimitedly,  but  can  only 
dilTolve  a  certain  portion  of  the  folvend  j  when  it  ar- 
rives at  that  point,  which  makes  it  incapable  of  dif- 
folving  any  morej  the  folvent  is  faid  to  be  fatu  rated. 
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Saturation  may  be  divided  into  fix  different  fpecies^. 
which  include  all  that  can  poffibly  take  place. 

I.  Solids  with  liquids.  Of  this  we  have  a  ftrik- 
ing  inftance  in  gypfum  and  water.  Water  poured 
on  gypfum  to  a  certain  quantity,  becomes  confoli- 
dated  j  but  if  more  than  that  quantity  be  added,  iv 
becomes  liquid. 

II.  Liquids  with  folids,  as  in  the  faturation  of 
water  with  common  fait. 

III.  Solids  with  vapor.  The  common  fixed  al- 
kali, will  unite  with  a  certain  quantity  of  fixed  air ; 
in  a  manner  fo  ftrong,  as  to  be  only  feparable  by  elec- 
tive attradion. 

1 

IV.  Liiquids  with  vapor.  Common  water  mil 
abforb  muriatic  acid,  and  condenfe  it  to  a  certain 
degree;  beyond  which,  however  long  the  water  be 
cxpofed  to  fuch  vapor,  no  farther  abforption  can 
poffibly  take  place. 

V.  Liquids  with  each  other.  Reftified  fpirit 
of  wine  is  the  beft  folvent  of  effential  oils;  but  tlie  fo- 
lution  is  confined  to  a  certain  degree ;  beyond  which 
the  oil  becomes  fuper-abyndant,  arid  can  only  befuf- 
pended.  And 
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VI.  Vapors  with  each  other.  Let  volatile  al- 
kali be  converted  into  vapor,  by  the  application  of 
heat.  Near  this  vapor  detach  the  marine  acid,  by 
adding  a  little  vitriolic  acid  to  common  fait;  the  va- 
por of  the  marine  acid  will  unite  with  the  vapor  of 
volatile  alkali,  to  the  point  of  faturation,  and  form 
white  flakes  of  fal  ammoniac. 

Solution  and  faturation  are  prornoted  three  ways. 
Firfl,  By  agitation.  Secondly,  By  minute  divifion  j 
and  Thirdly,  By  heat^ 

I.  If  a  piece  of  fugar  be  put  into  a  little  water, 
and  fuffered  to  remain  at  reft ;  it  will  require  fome 
time  before  it  be  diffolved ;  for  the  water  immedi- 
ately in  contadi:  with  the  fugar,  will  become  faturatedj 
and  from  its  difference  of  fpecific  gravity  remain  at 
the  bottom;  but  agitate  it  a  little  with  a  fpoon,  and 
the  folution  foon  takes  place, 

II.  The  manner  in  which  minute  divifion  pro- 
motes folution,  is  as  follows :  Bodies  are  afted  upon 
in  proportion  to  the  degree  of  furface,  which  the  Ibl- 
vendexpofes  to  the  folvent ;  fo  that,  if  the  folvend 
be  reduced  to  a  powder,  by  encreafing  its  furface, 
the  folvent  has  more  parts  to  ad  upon,  and  confe- 
quently  diflblves  it  with  greater  eafe  and  facility. 
And 
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III.  Heat  by  encreafing  the  bulk  of  the  folvent, 
and  promoting  an  agitation  of  its  parts,  caufes  a 
greater  furface,  and  a  quicker  application  of  its  par- 
ticles to  the  folvend,  by  which  die  procefs  is  much 
facilitated. 

Dellquefcence  is  a  mere  folution,  and  has  ob- 
tained a  different  appellation,  on  account  of  its  be- 
ing differently  performed.  It  takes  place  in  falts  of 
eafy  folution,  and -is  effeded  by  abforbing  the  wa^ 
ter  contained  in  the  atmofphere. 

>.  CRYSTALLIZATION. 

IN  the  folution  of  any  fak  in  water,  every  particle 
of  water  attrads  to  itfelf,  and  keeps  fufpended  a  par- 
ticle of  fait  of  a  definite  weight  j  riierefore  cryftal- 
lization,  is  an  operation  by  which,  the  integrant  parts 
of  a  body,  feparated  by  the  interpofition  of  a  fluid  j 
are  difpofed  to  unite  again  into  folid,  regular,  and 
uniform  malTes.  To  give  as  true  an  idea  ofcryf- 
tallization  as  poffible,  we  muH  obfervej  firft,  that 
the  particles  of  all  bodies  are  difpofed  to  unite  toge- 
ther, unlefs  they  be  prevented  by  the  interpofition 
of  fome  extraneous  fubftance.  Secondly,  This  dif- 
polTtion  is  more  perceptible  in  fimpie  or  little  com- 
pounded bodies ;  than  in  others  more  compounded* 
Thirdly,  The  integrant  parts  of  certain  bodies,  have 
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thefai-ne  conllant,  uniform,  and  peculiar  figure;  and 
fourthly,  if  the  integrant  parts  of  fuch  bodies  be 
equal  and  fimilarj  all  the  parts  will  have  an  equal 
tendency  to  unite;  but,  if  they  be  made  diffimiiar, 
they  may  unite  indifcriminately  ;  it  is  probable  that 
the  difpofition  of  fach  parts  to  form  an  union,  is  in- 
fluenced by  the  extent  of  furface  of  the  different  fides. 

Now,  if  the  integrant  parts  of  a  body,  be  kept 
apart  by  the  interpofition  of  a  fluid,  and  this  fluid  be 
evaporated  by  heat;  in  proportion  as  the  fluid  is 
evaporated,  the  leparated  particles  will  approach  to 
each  other,  till  at  lafl:  they  unite.  They  may  alfo 
unite  together  before  the  wlwle  of  the  interpofed 
fluid  be  evaporated;  if  die  attraftioii  fubfifting  be- 
tween tlie  integrant  parts  of  the  folvend,  be  fufficrent 
to  overcome  the  refiftance  of  the  folvent;  and  then 
by  giving  them  time  to  unite  together  by  the  fides 
mofl:  difpofed  to  fuch  union,  they  will  cryftaili2?c 
into  figures  conflranriy  uniform  and  fimilar. 

The  regularity  of  cryftals,  depends  upon  certain 
circumfliaiTces.  If  the  folvent  be  evaporated  too 
haftily,  the  component  parts  will  approximate  ancl 
unite,  before  they  have  taken  the  pofition  of  their 
natural  tendency;  and  will  join  indifcriminately,  and 
thus  form  figures  irregular  and  various. 
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If  the  evaporated  folution  be  cooled  too  faft^  then 
the  cryftals  will  be  oT  different  figures. 

To  procure  the  beft  and  moft  perfed  cryftals,  the 
evaporation  fhould  be  gentle,  and  the  cooling  very 
gradual. 

It  frequently  happens,  that  feveral  falts  are  dif- 
folved  in  the  fame  menftruum ;  the  feparatioa  of 
which  is  attended  with  more  or  lels  difficulty. 

In  the  cryftallization  of  different  falts,  it  muft  be 
obferved,  that  they  fhoot  into  cryftals  at  different 
times  of  the  evaporation.  Becaufe,  fome  falts  re- 
quire more  and  others  lefs  water  for  their  folution ; 
and  again,  fome  cryftallize  beft  by  cooling  j  and 
others  by  continuing  the  evaporation.  Nitre  cryf- 
tallizes  beft  by  cooling,  and  common  fait  by  conti-' 
nuing  the  evaporation  j  fo  that  if  there  be  a  folution 
of  thofe  falts  in  the  fame  menftruum ;  and  a  fepara- 
tion  of  them  be  defired ;  after  the  folution  has  been 
evaporated,  it  fliould  be  fet  by  to  cool,  when  the 
cryftals  of  nitre  will  Ihootj  and  this  fliould  be  re- 
peated till  the  whole  nitre  is  coUeded ;  then,  as  you 
continue  to  evaporate  the  water,  die  common  fait 
will  be  continually  cryftallizing. 


Some 
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"  Some  of  the  falts  have  the  power  of  a6ting  upon 
each  other,  fo  as  to  caufe  each  to  be  diffolved  in  a 
larger  quantity,  in  the  fame  portion  of  menftruum, 
"When  they  ad  as  inter-media,  upon  each  other,  as  fal 
ammoniac,  and  corrofive  fublimate,  they  cannot  be 
cryftallized  feparate  by  any  method. 

Salts  compofed  of  marine  or  nitrous  acid,  with 
calcarious  earth,  copper,  or  iron,  cannot  be  feparated 
by  cryftallization;  becaufe  they  all  require  to  be 
evaporated  nearly  to  drynefs;  confequently  their 
cryftals  will  become  intermixed. 

In  the  cryftals  of  the  various  falts,  there  is  a  por- 
tion of  water,  which  has  no  relation  to  the  falts 
themfelvesj  and  is  called  the  Water  of  Grystal- 

LIZATION. 

Previous  to  our  entering  on  reparation  or  decom- 
pofition,  it  will  be  neceflary  to  explain  a  few  terms 
of  art,  more  immediately  connected  with  that  pro- 
eefs.  -  Firft,  Precipitation.    We  would  confine 
thi^  term  to  the  falling  down  of  bodies  in  afolid  form. 
It  has  beep  ufed  in  a  veiy  loofe  indeterminate  fenfe: 
authors  have  talked  of  the  precipitation  of  vapors, 
which  is  erroneous,  from  their  fpecific  levity  they 
will  be  fufpended,  if  they  become  condenfed,  they 
will  be  precipitated  in  a  vifible  form ;  as  the  con- 
denfed vapor  of  water,  forms  rain.    But  the  preci- 
pitation 
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pitation  whicli  attends  chemical  decompofition,  I 
would  fay,  is  the  feparating  and  falling  down  of  one 
fubftance  from  another,  in  the  form  of  a  fo-lid;  when 
the  combined  fubftances  were  m  a  liquid  or  fluid 
ftate.  As  for  inftance,  diffolve  filvesr  in  pure  aqua 
fortis,  the  folution  is  clear  and  tranfparent  but  by 
adding  a  clean  plate  of  copper  to  the  folution,  a  white 
powder  is  imnnediately  formed,  which  falls  to  the 
bottom,  and  is  called  the  Precipitate.  During  the 
folution  of  the  filver  in  the  nitrous  acid,  a  certain 
motion  is  produced,  which  has  been  called  Ebulli- 
tion. This  term  has  been  indifcriminately  applied 
to  this  phenomenon,  and  to  the  boiling  of  water  j  but 
as  tli€  fame  appearances  are  produced  from  feparate 
and  diftkfl  caufes,  they  flioudd  be  defined  by  fepa- 
rate and  diftin<3:  terms  j  therefore^  Ebullition 
fliouldbe  confined  to  the  boiling  of  v/ater  onlyi  and 
Effervescence  fhould  be  applied  to  that  inteftine 
motion  produced  from  chemical  Ibludon. 

VI.  0;!iSEPARATION^'r  DECOMPOSITION. 

THIS  fubjea  is  the  moft  important  in  the  ftudy 
©f  chemiftry  J  as  on  this  principle  depends  the  whole 
«f  afialyfis. 

By  decompofition,  we  mean  the  refolution  of 
bodies  into.their  component  parts.    This  effeft  is 

produced. 
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produced,  by  diat  fuperiority,  which  one  body  pof- 
feOes  over  another,  of  forcing  it  from  its  fituation, 
and  taking  its  place.  This  property  is  called  by  the 
French  affinity,  we  call  it  eledive  attradion ;  fpeak- 
ing  of  it  as  a  being,  which  has  the  power  of  making 
an^  eledtion  with  refped  to  its  union  with  another 
body.  In  confequenc^  of  diis  eleaive  attra6tion, 
compleatchanges  take  place  in  fubftances,  and  new. 
compounds  are  produced. 

The  effea  of  eleftive  attradion,  may  be  feen  by 
repeating  the  following  experiments. 

I.  Take  afolution  of  Epfom  fait,  which  is  com- 
pofed  of  vitriolic  acid  and  magnefia;  to  which  add, 
a  few  drops  of  a  folution  of  any  alkaline  fait,  and  the 
magnefia  will  fall  to  the  bottom.  The  vitriolic  acid, 
having  a  ftronger  attraftion  to  the  alkali,  than  to  the 
magnefia;  quits  the  firft  combination,  to  unite  with, 
the  alkali,  while  die  magnefia,  is  precipitated. 

II.  Putin  aglafs,  a  fmall  quantity  of  a  folution 
of  marble  in  muriatic  acid;  to  this  folution  add  fome 
vitriolic  acid,  it  will  unite  with  the  marble,  and  form 
a  folid  gypfumj  while  the  muriatic  acid  will  Hy  off. 
in  vapor. 
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I  n  the  firft  experiment,  the  united  jDodles  remain 
liquid,  while  the  deeompofed  body  falls  to  the  bot- 
tom in  a  folid  form ;  but  in  the  fecond  experimentj 
the  united  bodies  form  a  folid,  while  the  feparated 
body  evaporates  away  in  form  of  vapor. 

In  producing  thefe  changes,  there  are  two  forces 
to  be  overcome,  viz.  the  attraftion  of  Cohesion, 
and  the  Vis-inertia.  Now,  if  any  third  body  has  the 
power  of  overcoming  thefe  forces,  decompofitlon  un- 
avoidably takes  place.  The  Attraction  of  Cohe- 
sion maybe  overcome  by  elective  Attraction, 
and  the  vis  inertia,  by  firft,  difference  of  fpecific  gravity. 
If  the  body  united,  makes  the  compound  oflefs  fpe- 
cific gravity,  than  the  body  deeompofed  J  then  the 
deeompofed  body  muft  be  precipitated  to  the  bot- 
tom: andfecondly,  Repulsion.  This  is  clearly  the 
eaie,  when  vapors  are  feparated;  for  as  they  arc' 
condenfed  into  very  narrow  limits  during  their 
union ;  fio  fooner  ar€  they  fet  at  liberty,  than  theit 
pOMver  of  expanfion  begins  to  aft,  and  their  parti- 
cles mutually  repel  each  other,  to  a  diftance  from 
die  flibftance  they  have  been  extricated  frortri;  as 
in  the  inftance  of  the  decompofition  of  nitre,  by 
the  addition  of  a  iitde  vitriolic  acid,  when  the  Ipirit 
of  nitre  flies  off  in  an  orange  colored  vapor. 


This 
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This  is  an  example  of  fingle  ele£live  attraftion, 
or,  where  by  the  addition  of  a  third  body,  a  com- 
pound is  deprived  of  one  of  its  conftituent  parts;  a 
reparation  which  will  refift  all  the  combined  powers 
of  mechanics,  is  here  produced  fimply  by  the  addi- 
tion of  a  third  fubftance.    But  this  power  is  ftill  far- 
ther extended  in  the  double  eledive  attradion ;  or, 
when  a  compound  body  is  decompofed,  by  adding 
another  compound  fubftance.    If  to  a  folution  of 
the  vitriolated  tartar,  which  is  compofed  of  vitriolic 
acid  and  vegetable  alkali;  you  add  a  few  drops  of  a 
Iblution  of  lunar  cauftic,  which  is  formed  of  filver 
and  the  nitrous  acid,  a  decompofition  immediately 
takes  place.    The  nitrous  acid  of  the  lunar  cauftic, 
has  a  ftrong  attra6tion  for  the  alkaline  bafe  of  the 
vitriolated  tartar,  but  not  fufficient  of  itfelf  to  dif- 
lodge  the  vitriolic  acid;  this  want  of  power  in  the 
nitrous  acid,  is  made  up  by  the  attradion,  which 
fubfifts  between  the  vitriolic  acid  and  the  calx  of  fil- 
ver.   To  make  this  cafe  clear,,  we  will  illuftrate  it 
by  figures,  not  that  I  mean  to  fay,  that  fuch  figures 
willftiew  exaftly  the  relative  forces,  of  the  attradion 
of  the  diff^erent  fubftances  j  but  it  will  give  a  clearer 
idea  of  the  fubjedt,  than  by  any  other  mode  which  I 
know  of.    Suppofe  the;  vitriolic  acid  to  attrad  the 
vegetable  alkali,  with  a  power  equal  to  9.  The 
nitrous  acid  has  an  attradion  to  the  fame  alkali,  but 
with  a  force  equal  only  to  8  j  confequently  cannot 

decompofe 
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decompofe  it,  being  below  the  other  power  of  at-» 
tradtion.  The  nitrous  acid  has  a  power  of  attrac- 
tion equal  to  2  to  overcome,  before  it  can  diflodge 
the  vitriolic  acid  5  now,  the  relative  attradlion  be- 
tween the  viti-iolic  acid  and  the  calx  offilver,  is  equal 
to  4  i  which  being  added  to  the  attraflion  of  the 
nitrous  acid,  for  the  alkali  will  produce  a  power  equai 
to  1 2,  and  the  change  accordingly  takes  place. 

Separation  or  decompofition  may  be  produced 
by  two  nnodes.  Firft,  Via  humida,  or  by  the  hu- 
mid Way  j  which  is  by  folution  in  one  or  various 
menftruai  and  fecondly,  via  ficca,  or  the  dry  Way; 
which  is  the  folution  of  one  folid  body  in  another, 
by  fufion  or  trituration ;  as  in  extracting  the  filver 
from  filver  ore,  by  fufing  it  with  lead ;  or  the  ex-? 
trading  of  gold  from  its  pre,  by  triturating  it  witii 
quicldilver. 

Since  the  principle  of  eledbive  attradion  has  been 
difcovered,  chemifts  have  employed  themfelves  di* 
ligently,  to  find  out  the  difi«rent  fubftances  which 
attradb  each  other;  and  to  compare  their  relative 
forces.  This  they  did,  till  fuch  a  number  of  in- 
ftances  occurred,  that  the  memory  could  no  longer 
contain  them;  in  confequence  of  which,  they  di- 
gefted  them  into  tables,  which  are  called  tables  of 
eledive  attradion, 

VII.  0» 
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>f  the  Affinities  of  the  different  Metals,  in  the  dry  Way, 


•  The  Metal  at  the  Head  of  each  Coluini 
Fufion  may  fometimes  be  feparated  from  each 


Gold 

Platina 

Silver 

Copper 

ad 

— !  

Tin 

Lead 

Zinc 

Arfenic 

Bifmuth 

Reg.  Anti. 

Manganefe 

Cobalt 

Nickel 

Qu.  Silver 

Mercury 
Copper 

Arfenic 

Lead 

Gold  I 

ickel 

Mercury 

Gold 

Copper 

Nickel 

 u    -  ■  ■ 

Lead 

Iron 

Copper 

Iron 

Iron 

Gold 

Gold 

Copper 

Silver  ( 

hi\c 

Copper 

Silver 

Antimony 
Tin 

Cobalt 
Copper 

Silver 
Gold 

Copper 

Iron 
Gold 

Nickel 
Arfenic 

Cobalt 

Silver 
Platifia 

Lead 

Silver 
Lead 

Copper 

Mercury 
Bifmuth 
Tin 

Arfenic 

^fcnic 

Antimony 

Copper 

Tin 

Arfenic 

Tin 

Iron  h 

Manganefe  C 

Aigancfe 

Gold 

Mercury 

Mercury 

Iron 

iVIercury 

Lead 

Nickel 

Silver 

Silver 
Tin 

Copper 

Copper 

Bifmuth 
Tin 

Bifmuth 

©per 

Silver 

Bifmuth 

Silver 

Silver 

Antimony 

Gold 

Gold 

Tin 

Zinc 

Gold 

Zinc  C 

id 

Lead 
Iron 

Manganefe 
Nickel 

Tin 

Gold 

Tin 

Tin 
Coj. 

Platina 

Tin 

Zinc 

Antimony 

Antimony 

Antimony 

Antimony  S 

?er 

Antimony 

Cobalt 

Lead 

per 

BifiiTuth 

Antimony 

Bifmuth 

Iron 

Nickel 

Iron 

Platina  1 

I 

Platina 
Arfenic 

Arfenic 
Platina 

Gold 
Platina 

Plat 
Nic 

ina 

Zinc 

Pktina 
Bifmuth 

Copper 

Antimony 

Arfenic 

rlatina 
Zinc 

i_obalt 

Manganefe 

Tin  A 
Lead  I 

timony 
tina 

kel 

Gold 
Platina 

.VTanganefc 

Zinc 

Arfenic 

Zinc 

Bifmuth 

Zinc 

Iron 

Lead  , 

Nickel 

ron 

Arfenic 

Nickel  I 
Bifmuth  I 

Inuth 
ad 

Platina 

Nickel 

Lead 

Antimony 

Ziii 

h- 

Mercury 

Silver 

Iron 

Arfcnic 

Lead 

Vickel 

Bifmuth 

[ron 

Vickel 

Arfenic 

Zinc 

Cobalt 

Silver 

Platina 

Cobalt  h 

■rcury 

Cobalt 

iron 

Cobalt 

Manganefe 

Mercury 

. 

Mercury 

1 

* 

has  a  ftrongerAttraftion  for  that  immediately  below  it,  tlian  for  any  of  the  Others,  to  the  Bottom;  Co  that  Metals  ir 
by  the  Advantage  of  thefe  Affinities,  . 


eier 


NTRODUCTION. 


xxxiii 


VII.    0«  DISTILLATION. 

THIS  is  a  procefs  in  which  heat  is  applied  to 
decompofe  bodies.  A  great  variety  of  veflels  has 
been  ufed  for  this  purpofe.  As  the  fubftances  dif- 
tilled,  are  firft  converted  into  vapor,  and  afterwards 
condenfed;  the  mode  of  diftillation  is  named  accord- 
ing to  the  efcape  of  the  vapor.  If  the  fire  be  placed 
beneath  the  body  of  the  fbill,  fo  that  the  vapor  rifes 
before  it  is  condenfed,  it  is  called  diftillation  per 
aicenfum,  or  by  afcent.  If  the  vapor  be  made  to 
pafs  downward  and  is  condenfed  in  a  proper  vefTel, 
it  is  called  diftillation  per  defcenfum,  or  by  de- 
fcent  J  and  if  the  diftillation  be  performed  with  a 
retort,  at  the  neck  of  which  is  joined  a  recipient 
or  receiver;  it  is  called  per  latiis,  or  by  the  fidej 
or  per  retortam,  by  the  retort. 

The  fubftances  to  be  dlftilled,  are  put  into  the 
body  of  the  ftiil,  as  the  leaves  of  plants,  and  a  fuffi- 
cientquannty  of  water  put  thereon;  a  gentle  heat 
is  applied,  which  converts  the  water  into  vapor. 
This  vapor  is  impregnated  with  the  volatile  parts 
of  the  leaves;  is  condenfed,  and  forms  the  diftilled 
water  of  the  particular  plant  ufed.  This  is  called 
SIMPLE  Distillation. 
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But  this  kind  of  diftillation  will  not  anfwer  all 
the  purpofes,  which  chemifts  wantj  for  in  the  dif- 
tillation of  nitrous  acid,  the  nitre  cannot  be  decom- 
pofed  by  fimple  diftillation.  There  arifes  a  necef- 
iity  of  making  an  addition,  before  the  effeft  can  be 
produced;  which  is  done  by  adding  the  vitriolic 
acid,  which  unites  with  the  alkaline  bafe  of  the 
nitre,  andfets  at  liberty  the  nitrous  acid.  This  mode 
is  called  Distillation  with  Addition. 

The  purpofes  of  diftillation  are  three.  Firft, 
To  obtain  the  volatile  parts  of  bodies  in  a  condenfed 
•ftate,  as  the  eflential  oils ;  fecondly,  If  the  component 
parts  of  bodies  be  fixed,  to  obtain  that  part  we  want 
by  addition;  and  thirdly,  by  attending  to  the  differ- 
ent degrees  of  heat,  we  may  feparate  a  body  we  want 
from  another,  which  is  volatilifed  at  nearly  the  fame 
degree  of  heat. 

VIII.  SUBLIMATION; 
THIS  is  upon  the  fame  principle  as  the  diftilv 
lation  per  afcenfum;  with  this  difference  only;  that 
the  produd  in  the  diftillation  is  always  in  a  liquid- 
form;  and  in  fublimation,  in  a  folid  form.  When  the 
fubftances  fublimed  appear  like  a  fine  foft  powder, 
chemifts  call  them  flowers;  as  the  flowers  of  ful- 
phur,  flowers  of  benjamin,  &c.  This  operation 
may  be  performed  with  phials  luted  to  each  other, 
in  alludels,  &c.  tv  ^ 
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IX.    On  EVAPORATION. 

THIS  operation  is  ufed  for  feparating  two  Tub-, 
ftances  from  each  other,  one  of  which  at  leaft,  muft 
be  fluid,  and  whofe  degrees  of  volatility  are  very 
different.    By  this  means  we  obtain  a  fait,  which  has 
been  dilTolved  in  water,  in  its  concrete  form  j  the 
water  by  uniting  with  the  matter  of  heat,  becomes 
volatile,  and  the  particles  of  fait  being  brought  nearer 
to  each  other,  come  within  the  Iphere  of  their  mu- 
tual attradion,  and  unite  into  a  folid  ftate.    As  it 
was  long  thought  that  the  air  had  great  influence 
upon  the  quantity  of  fluid  evaporated ;  it  will  be  pro-  ^ 
per  to  point  out  the  errors,  which  this  opinion  has 
produced.    There  certainly  is  a  flow  evaporation 
from  fluids  expofed  to  the  air;  this  may  be  confi- 
dered  in  fome  degree  as  a  folution  in  air,  yet  the 
matter  of  fire  has  confiderable  influence  in  produc- 
ing it,  as  is  evident  from  the  cold  which  always  ac- 
companies this  procefs ;  hence,  we  may  confider  this 
gradual  evaporation  as  a  compound '  folution,  made 
pardy  in  air  and  partly  in  the  matter  of  fire.  The 
evaporation  from  a  fluid  continually  boiling,  is  quite 
diflierent  in  its  nature,  and  in  it,  the  evaporation  pro- 
duced by  the  adion  of  the  air,  is  exceedingly  inconfi- 
derable,  in  comparifon  with  that  which  is  made  by 
c-he  heat.    This  procefs  is  not  accelerated  in  pro- 
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portion  to  the  extent  of  evaporating  furface,  but  In 
porportlon  to  the  quantity  of  heat,  which  combines 
with  the  fluid.  A  current  of  cold  air  retards  this 
procefs,  by  carrying  off  the  heat  from  the  water; 
hence  no  inconvenience  arifes  from  covering  the 
veffel,  provided  fufficicnt  vent  be  given  for  the  vapor 
to  efcape;  and  the  covering  body  be  a  bad  conductor 
of  heat.  By  this  mode,  there  is  frequently  more 
evaporated,  than  when  free  accefs  is  allowed  to  the 
external  air. 

X.    F  U  S  I  O  N. 

THIS  operation  is  commonly  performed  In  vef- 
fels  called  crucibles.    Metals  expofed  to  heat  be- 
come liquified,  which,  ftate  Is  called  fufion.   .It  may 
often  take  place,  without  changing  the  nature  of  the. 
fufed  body.    It  is  frequently  employed  as  a  chemi- 
cal means  of  decompofing  and  recompounding 
bodies.    In  this  way,  all  metals  are  extrafted  from 
their  ores;  and  by  this  procefs,  they  are  revivified, 
moulded,  and  alloyed  with  each  other ;  by  this  pro- 
cefs fand  and  alkali  are  combined  to  form  glafs ; 
and  by  It,  likewlfe  pafte,  or  colored  ftones,  enamels, 
&c.  are  formed.    The  latter  procefs,  Is  called  Vi- 
trification. 


XI.  On 
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XI.  0«  FILTRATION. 

A  filtre  is  a  fpecles  of  i  very  fine  five,  which  is 
permeable  co  the  particles  of  fluids,  but  through 
which  the  particles  of  the.fineft  powdered  folids  are 
incapable  of  paffing;  hence  its  ufe  in  feparating  fine 
powders  from  fufpenfion  in  fluids.  For  the  purpofes 
of  chemiflrry,,  as  it  is  requifite  to  have  the  filtres  per- 
fe£lly  clean,  unfized  paper  is  fubfl:ituted  inft:ead  of 
cloth  or  flannel;  through  this  fubftance,  no  folid 
body,  however  finely  it  be  powdered,  can  penetrate, 
while .  fluids  percolate  through  it  with  the  greateft 
readinefs. 

XII.  On  DECANTATION. 

THIS  operation  is  often  fubftituted  infl:ead  of 
filtration,  for  feparating  folid  particles,  diffufed 
through  liquors.  Thefe  are  allowed  to  fettle,  in 
proper  velTels,  and  the  clear  liquor  is  gently  poured 
off.  If  the  fediment  be  extremely  light,  and  apt 
to  mix  again  with  the  fluid  by  the  flighteft  motion, 
the  fyphon  is  ufed  infl:ead  of  decantation  for  drawing 
■off  the  clear  fluid. 
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XIII.    On  CALCINATION. 

IN  every  calcination,  fonnc  volatile  parts  are  ex- 
pelled by  the  fire,  even  fuppofing  them  to  be  no- 
thing elfe  than  phlogifton,  air,  and  water.  Hence 
this  operation  cannot  be  performed  in  a  veflel  per- 
feftly  clofed,  and  from  which  there  is  no  poflible 
correfs. 

Calcination  in  the  proper  and  ftrid  fenfe  of  the 
word,  is  the  mere  operation  of  fire  upon  metallic 
bodies,  calcareous  earths,  and  in  the  incineration  of 
animal  and  vegetable  fubftances.  Calcination  may, 
therefore,  be  diftinguifhed  by  the  name  perfed,  from 
another  which  is  imperfedl,  and  performed  by  acrid 
faline  fubftances  of  various  kinds.  The  produdts  of 
a  perfect  calcination,  are  called  Calces,  elpecially 
when  they  are  of  a  white  color;  but  when  of  a  yel^ 
lev,  brown,  or  red,  they  are  called  Saffrons. 
When  a  metallic  fubftance  has' been  calcined  by 
acrid  falts,  the  operation  is  called  Corrosion,  but 
the  product  is  called  Rust.  Reverberation,  is 
a  mode  of  calcination,  by  which  the  bodies  fubjefted 
to  it,  are  ftruck  by  the  fire  from  every  fide.  Roast- 
ing of  Ores,  is  a  fpecies  of  calcination.  Cemen- 
tation, by  acrid  falts  and  heat,  and  Detonation, 
by  projefling  nitre  on  metallic  bodies  in  fufion,  are 
both  modes  for  promoting  the  fame  end. 

Scorifi- 
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Scorlfication  and  cupellation,  are  terms  ufed  for 
the  fame  proceis. 

XIV.    On  REDUCTION. 

THIS  is  an  operation  which  takes  place  on  me- 
tals only  ;  by  which,  v/henever  they  have  loft  their 
metallic  appearance,  they  are  reftored  to  their  prd- 
per  metalline  ftate  again.  As  metals  may  be  de- 
prived of  their  fplendor  by  two  different  ways,  either 
by  the  privation  of  their  phlogifton  by  calcination ; 
or  by  uniting  them  with  extraneous  fubftances,  as  in 
corrofion,  &c.  the  re4udion  muft  confequendy  de- 
pend on  a  two-fold  caufe,  and  requires  either,  that 
the  metallic  earths  fliould  have  that  which  they  have 
loft  reftored  to  them ;  or  that  the  extraneous  fub- 
ftances  which  have  been  united  with  thefe  calces, 
fhouldbe  feparated  from  them.  The  parts  which 
the  metallic  calces  have  loft,  are  reftored  by  fufing 
them  with  fubfta;nGes  containing  phlogifton.  The 
extraneous  fubftances  are  deftroyed  by  alkalies,  bo- 
rax, lime,  &c.  but  if  it  ftiould  be  fulphur,  alkalies 
then  are  very  improper,  as  they  would  unite  with  it 
and  form  a  hepar,  and  diflblve  a  portion  of  the  me- 
tal. There  is  at  all  times  a  great  difference  obferv- 
able  in  reduftions.  Some  are  performed  with  eafe, 
fome  on  the  contrary  with  great  difficulty;  and  re- 
quire bcfides  to  be  managed  in  various  ways.  Some 
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may  be  reduced  in  open  crucibles,  whilft  others  are 
only  to  be  reduced  in  clofe  veffels.  In  fome  cafes,  the 
whole  of  the  naetal,  which  is  contained  in  the  body 
to  be  reduced  is  obtained ;  in  others,  on  the  contrary, 
a  confiderable  quantity  of  it  is  loft. 

This  procefs  is  much  promoted  by  the  afTiftance 
of  the  different  fluxes,  and  fucceeds  beft,  when  there 
ftill  fubfift  in  the  body  which  is  to  be  reduced,  fome 
inflammable  particles ;  without  which  the  phlogifton 
of  the  reducing  fubftances,  cannot  fo  eafily  combine 
with  the  calcined  earthy  particles,  and  confequently 
reduce  the  metal, 

XV.  EXTRACTION. 

IN  admixtures,  fometimes  there  are  parts  which 
are  foluble  in  particular  menftrua,  the  feparation  of 
which  is  called  extraftion.  This  may  be  efi^eded 
either  by  maceration,  or  fteeping  the  fubjed  in  its 
appropriate  folvent  in  the  cold;  or  by  digeftion, 
which  may  be  either  with  or  without  heat,  bivt  ia 
general,  digeftion  implies  the  ufe  of  heat. 

XVI.  EXSICCATION. 

BY  exficcation  is  meant  the  drying  of  moift  bo-^ 
dies,  which4s  performed  either,  firft,  by  heat,  which 

evaporates 
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evaporates  the  humid  parts  j  or  fecondly,  by  apply- 
ing fubftances  of  a  fofc  and  fpongy  texture,  which 
imbibe  the  fuper- abundant  moifture. 

XVII.  LIXIVIATION. 
THIS  is  an  operadon  ufed  in  chem'iftry  and  the. 
arts,  for  feparating  fubftances  which  are  foluble  in 
water,  from  fuch  as  are  infokible.    The  fobftance 
to  be  hxiviated  is  put  into  a  convenient  vcffel,  and- 
then  either  hot  or  cold  water  is  poured  upon  it, 
according  to  the  degree  of  folubility  of  the  faiine 
matter.    This  is  repeated,  till  the  water  which 
comes  off  is  entirely  free  from  fait,  which  is  judged 
of  by  the  tafte,  or  more  accurately  by  the  hydro- 
meter. 

XVIII.  J  GENERAL  DESCRIPTION  qf 
INSTRUMENTS,  for  the  PURPOSE  0/ 
PHILISQPHICAL  CHEMISTRY. 

THERE  are  few  who  have  it  in  their  power'  to 
fit  up  a  complete  laboratory  on  a  large  fcale;  but  as 
many  important  difcoveries  have  been  made  upon 
very  fimple  apparatus,  we  will  enumerate  tliofe  fim- 
ple  inftruments  mofl:  necelTary  for  a  philofopliic 
chemift. 

I.  Retorts  of  various  fizes,  compofed  of  gla&, 
earthen  ware,  or  the  different  metals.  * 

n.  Re- 
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II.  Receivers  of  various  fizes,  compofed  of 
glafs,  or  earthen  ware. 

III.  P  HiALS  of  different  fizes,  feme  perforated  on 
one  fide,  and  others  on  both,  with  various  fized  glafs 
tubes  i  fome  ftraight,  and  others  bent  or  cui-ved. 

IV.  Glass  Jars  of  various  fizes,  fome  graduated, 
and  others  plain. 

V.  Matrasses  of  different  fi2:es,  fome  com- 
pofed of  glafs,  and  others  of  earthen  ware. 

VI.  Crucibles  of  various  fizes,  common,  black 
lead  and  metallic.  To  which  may  be  added.  Cap- 
sules, which  are  fmall  faucers,  compofed  of  pure 
clay,  or  clay  and  fandj  and  Tests  which  are  com- 
pofed of  calcined  bone  duff.  Muffles  and  ce- 
menting Pots,  as  being  compofed  of  the  fame  ma- 
terials, may  properly  be  mentioned  in  this  place. 

VII.  Glass  Funnels  of  various  fizcs,  with  a 
fcparating  funnel. 

VIII.  A  WOODEN  Trough,  to  contain  water, 
or  quickfilver,  with  jars  of  different  fizes,  for  a  pneu- 
matic apparatus. 

"^i  IX.  A 
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IX.  A  PORTABLE  Furnace.     The  following 
defcriptlon  of  a  general  furnace  for  experiment,  may 
noc  be  unacceptable.     The  body  of  the  furnace 
Ihould  be  made  of  flieet  iron,  groved  together  of  a 
conical  ftiape;  the  fmalleft  diameter  about  fix  inches 
and  a  half,  turned  up  to  fupport  a  grate  of  bar  iron. 
The  largeft  diameter  about  a  foot,  over  which  fliould 
be  a  cover  perforated  with  two  holes,  as  far  from 
each  other  as  poffible  ;  the  wideft  about  five  inches, 
the  fmalleft  three  inches  and  a  quarter^  which  is  fur- 
rounded  with  a  ring  to  fupport  a  funnel,  which  may 
communicate  with  the  chimney  of  a  common  room. 
In  the  front  of  the  furnace  about  two  inches  and  a 
quarter,  from  the  bottom  fhould  be  an  opening  three 
inches  and  a  quarter  fquare,  occafionally  to  be  co- 
vered with  a  Aide  or  door.    It  may  be  fupported  on 
a  trivet,  but  room  muft  be  left  for  a  fufficlent  cur- 
rent of  air.    Sometimes  thefe  furnaces  are  lined  with 
clay,  &c.  when  they  muft  be  made  fomething 
larger,  except  in  height.    When  all  the  apertures 
through  which  the  air  ought  not  to  pafs,  be  clofed, 
a  fufRcient  degree  of  heat  is  raifed  to  fmelt  copper, 
copper-ores,  caft  iron,  and  even  to  reduce  fome  of 
the  lefs  refraftory  iron  ores.    This  fui  nace  will  ferve 
for  all  the  chemical  proceffes^fuch  as  diftillation,  fub- 
limation,  &c.  &c. 

X.  A., 
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X.  A  BLOW  Pipe.  This  is  a  very  necelTary  in- 
ftrument, to  .  reduce  fmall  portions  of  metallic  ores  to- 
promote  vitrifications,  &c.  with,  the  flame  of  a  can- 
dle or  lamp.  The  flame  of  the  candle  or  lamp, 
confiflis  of  two  well  defined  colours,  viz.  blue  and 
light  orange  J  the  heat  of  the  blue  color  is  molt  in- 
tenfe,  coniequently,  this  flame  concentrated  by  the 
blow  pipe,  and  a  fmall  quantity  of  ore  fupported  on 
charcoal,  or  in  a  filver  fpoon,  brought  to  its  apex, 
with  a  fmall  portion  of  flux,  is  foon  brought  into  a 
ftate  of  fufion.  By  this  method,  fmall  globules  of 
glafs  may  be  tinged,  and  the  nature  of  metallic  ores 
thereby  afcertained.  .  /  .-^ 

XI.  Common  Scales  and  Weights,  and  a 
pair  of  hydrofhatlc  fcales  to  afcertain  the  fpecific  gra- 
vity of  bodies.  The  fpecific  gravity  of  a  metal  or 
foflll,  is  thus  found.  Sufpend  the  piece  to  be  ex- 
amined in  a  horfe-hair  loop,  fixed  to  a  hook  at 
the  bottom  of  a  fcale  poife  it  exactly  by  weights 
on  the  oppofite  fcale;  immerfe  it  in  a  quantity  of  dif- 
tilled  water,  and  reftore  the  equilibrium  by  putting 
weights  into  the  lighter  fcale;  thefe,  indicate  the 
weight  of  the  quantity  of  water,  which  is  equal  in 
bulk  to  the  metal,  &c.  under  examination.  Divide 
the  fum  of  the  weight  in  air,  by  the  fum  of  the  weight 
required  to  reflore  the  equilibrium  in  water,  and  the 

quotient 
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quotient  gives  the  fpecific  gravity.    If,  for  example 
the  metal  weighed  in  air  ji  grains,  and  that  when 
weighed  in  water,  9  grains  were  wanting  to  reftorc 
the  balance,  7  2  divided  by  9  gives  8  ;  therefore  the 
fpecific  gravity  of  that  metal  is  called  8  •  that  is,  it  is 
8  times  heavier  than  water.    To  determine  the  fpe-' 
cific  gravity  of  a  fluid,  fufpend  a  foUd  ball  of  glafs 
by  a  horfe-hair,  to  the  arm  of  a  balance.    Poife  it 
accurately  by  weights  in  the  fcale  at  the  oppofite  end 
of  the  beam. '  Now  fink  the  ball  in  diftilled  water, 
and-take  weights  out  of  the  fcale  till  the  beam  Hands 
horizontally ;  note  the  weights  you  have  taken  away? 
wipe  the  ball  perfeftly  dry,  immerge  it  in  the  fluid 
you  wilh  to  examine.    The  diff'erence  of  the  weights  • 
neceflfary  to  refliore  the  equilibrium  in  the  two  fluids,' 
denotes  the  fpecific  gravity. 

Authors  generally  fignify  fpecific  gravity  in  deci- 
mal numbers,  it  is  therefore  neceflTary  to  underftand 
them.    This  knowledge  is  eafily  acquired.  Firit, 
It  muft  be  obferved,  that  the  figures  before  the 
comma  are  wliole  numbers,  as  in  common  arithme- 
tic; thofe  afcer  the  comma,  are  numerators,  whofe 
denominator  is  io,too,  or  1000.    Thefe  denomi- 
nators are  omitted,  and  the  numerator  only  fet  down, 
.five  tenths  are  riius  written,  ,5;  forty-five  hundred 
/  parts,  thus,  ,45 ;  and  hundred  and  twenty  thoufand 
parts,  thus,  ,120.    In  thefe  decimal  fradions,  cy- 
phers 
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phers  after  the  figure  fignify  nothing,  500,  means 
Qn}y  five  tenths;  but  before  the  figure  they  decreafe 
its  value,  thus,  ,05  means  five  hundredth  parts. 

XII.  Pair  of  hand  bellows,  tongs,  an^  mortars, 
compofcd  of  metal  and  glafs;  iron  ladles,  Ihovels^ 
and  a  cone. 

XIII.  Lutes.    Thefe  are  ufed  for  fecuring  the 
junfture  of  veflels,  in  diftillations  and  fublimations. 
pQr  tihe  dillillationof  water,  linen  dipped  in  a  thin 
pafte  of  flour  and  water  is  fufficient.    A  lute  of 
greater  fecurity  is  compofed  of  quick  lime,  made 
into  a  pafte  with  the  whites  of  eggs.    For  the  fecu- 
rity  of  very  corrpfive  vapors,  clay  finely  powdered 
and  fifted,  made  into  a  pafte  v/ith  boiled  linfeed  oil; 
muft  be  applied  to  the  jundlure  ;  which  muft  be  af- 
terv/ards  covered  with  flips  of  linen,  dipped  in  the 
pafte  of  quick  lime  and  the  whites  of  eggs.  The 
lute  muft  be   perfeftly  dried   before  the  vefl"els 
are  uied,  or  elfc  the  heat  may  caufe  it  to  dry  too 
quick,  and  thereby  caule  the  lute  to  crack.    If  this. 

.  be  the  cafe,  it  is  repaired  by  applying  f  clh  lute  in 
the  cracks,  and  fuffering  it  to  dry  gradually.  Vef- 
fcls  which  are  to  be  expofed  to  the  naked  lire,  a  re  fi-e- 
quently  coated  to  refift  the  effefts  of  the  heat;  the 
beft  coating  for  which  purpofe,  is  that  defcribed  by 
Willis^  in  the  Tranfadions  of  the  Society  of  Arts, 

vol, 
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vol.v.p.  96,  which  confifts  indiflblving  two  ounces 
of  borax  in  a  pint  of  boiling  water,  and  adding  to 
the  folution  as  much  Qaked  linne  as  is  neceffary  to 
form  a  thin  pafte.    The  veffel  muft  be  covered  all 
over  with  it  by  means  of  a  painter's  brufh,  and  then 
fufFered  to  dry.    It  muft  then  be  covered  with  a 
thin  pafte  of  linfeed  oil  and  flaked  lime,  except  the 
neck.    In  two  or  three  days  it  will  dry  of  itfelf,  and 
a  retort  will  then  bear  the  greateft  fire  without  crack- 
ing.   The  cracks  of  chemical  veflels  may  be  fe- 
CLired  by  the  fecond  lute. 

XIV.  Burning  glafles,  magnifying  glaffes,  a  me- 
tallic lens,  a  thermometer,  a  fmall  eledtrical  ma- 
chine, and  two  fyringes,  the  one  to  extrad,  and  the 
other  to  condenfe  gafes. 

With  thefe  inftruments,  there  are  few  experi- 
,ments  but  what  may  be  made  with  the  greateft  pre- 
cifion.  We  fliall  now  proceed  to  the  materia  che- 
mica. 

There  have  been  various  methods  of  arranging 
natural  bodies,  fo  as  to  give  their  chemical  hiftory; 
but  Dr.  Black's,  of  Edinburgh,  appears  to  me 
the  moft  unexceptionable.  He  divides  them  into 
fix  Classes,  viz.  Firft,  Salts.  Secondly,  In- 
flammable 
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FLAMMABLE  Bodies.  Thirdly,  Metals.  Fourth- 
ly, Earths.    Fifthly,  Am ;  and  Sixthly,  Water. 

I.    0/ SALTS. 

SALTS  are  a  general  term,  comprehending  three 
diftind  fpecies,  viz.  Firft,  Acids.  Secondly,  Al- 
jKLALiESi  and  Thirdly,  Neutrals. 

ACIDS. 

THE  term  acid  explains  itfelf,  by  its  common 
fenfible  property,  of  tafting  four.    But  this  is  not  fuf- 
ficientto  difcriminate  acids  under  all  circumftanccs; 
accordingly  there    are  other  general  properties, 
which  invariable  charailerize  them.    Firft,  They 
unite  with  alkalies,  earths,  and  metals,  forming  va- 
rious neutral  falts.    Secondly,  Particular  acids  united 
to  particular  alkalies,  produce  difcriminating  cryf- 
tals;  and  thirdly,  they  change  the  tinflures,  or  infu- 
fions  of  the  blue  flowers  of  vegetables  to  red.  There 
is  but  one  exception  to  the  lail  criterion,  and  that  is 
in  indigo,  which  is  diffolved  in  vitriolic  acid,  without 
any  change  of  color.    The  niceft  chemical  teft  of 
an  acid  is  tinfture  of  turnfole,  which  is  prepared 
from  a  folution  of  litmus  in  diftiUed  water,  and  af- 
fumes  a  blue  color.    A  fingle  grain  of  concentrated 
vitriolic  acid  communicates  a  vifible  red  tinge  tp 
172,300  grains,  or  408  cubic  inches  of  the  blue 

tindlure. 
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tlnfture.  Syrup  of  violets  is  ufed  for  common  ex- 
periments. 

Chemifts  have  divided  acids  into  three  clafifes, 
viz,  Mineral, Vegetable,  and  Animal;  accord- 
ing to  the  nature  of  the  fubjeft  from  which  they  are 
produced.  The  vegetable  acids  are  fubdivided  into 
native  and  fa6lidous,  which  are  produced  by  fermen- 
tation.  To  the  latter  clafs  may  be  referred  thofe 
acids  feparable  from  vegetables  by  dillillation.  Thefe 
generally  have  a  burnt  fmeil,  ^  and  are  called  Empy- 
reumatic  Acids. 

I.    MINERAL  ACIDS. 

I.  Vitriolic  Acid,  commonly  called  Oil  of 
Vitriol,  or  Spirit  of  Vitriol.  The  vitriolic 
acid  is  fo  called  from  the  ancient  method  of  extra6t- 
ing  it  from  green  vitriol.  But  now  it  is  more  pro- 
fitably obtained  from  the  combuftion  of  fulphur. 
This  acid  when  perfectly  pure,  is  tranfparent ;  but 
its  attraction  for  phlogiftic  fubftances  is  fo  ftrong,  thac 
whenever  it  comes  in  contadt  with  them,  it  foon  be- 
comes of  a  dark  color.  Its  fpeclfic  gravity  is  dou- 
ble that  of  water  j  for  if  a  pint  of  water  weigh  one 
pound,  the  fame  quantity  of  vitriolic  acid  will  weigh 
two  pounds.  It  has  a  very  ftrong  attradion  for 
water. 

*  It 
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It  formerly  was  obtained  from  green  vitriol,  and 
pyrites,  by  diftillation.    Sulphur  was  found  to  pro- 
duce it  in  great  abundance  from  combuftionj  confe- 
quently,  that  fubftance  was  burnt  under  a  large  glafs 
bell  J  the  condenfed  vapor  was  an  impure  vitriolic 
acid,  which  was  purified  either  by  fimple  diftillation, 
or  by  the  addition  of  a  fmall  quantity  of  nitrous  acid ; 
which  attrafts  the  phlogifton ;  and  is  afterwards  eafily 
evaporated  away  by  a  "gentle  heat.    This  was  called 
Oleum  .ViTRiOLi  PER  Campanamj  or  oil  of  vi- 
triol by  the  bell.    It  is  now  obtained  by  the  com- 
buftion  of  fulphur,  in  rooms  properly  conftrudled 
•  and  lined,  which  are  called  Sulphur  Chambers. 
It  unites  with  alkalies,  earths,  and  metals,  forming 
various  neutral  falts.    When  united  with  phlogifton 
it  is  volatilized,  and  has  a  very  penetrating  Irnell ;  in 
which  ftate,  it  is  called  volatile  sulphureous 
Acid. 

II.  Marine  Acid,  commonly  called  muriatic 
acid,  or  fpirits  of  fait.  Its  color  is  a  pale  yello\y 
with  a  geenifh  tinge.  It  is  volatile  in  the  heat  of 
the  atmofphere.  Its  fpecific  gravity  is  to  water  as 
nineteen  to  fix  teen.  Its  original  form  is  a  vapor, 
but  it  has  a  ftrong  attraftion  for  water,  and  therefore 
is  generaUy  in  a  liquid  ftate.  Its  attra(5li6n  for  phlo- 
gifton is  not  fo  ftrong  as  the  vitriolic  acid.  It  is  de- 
prived of  its  phlogifton  by  diftilling  over  manga- 

nefe. 
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nefe,  and  is  then  called  dephlogisticated  marine 
Acid. 

It  is  obtained  by  decompofing  common  fait  with 
the  vitriolic  acid  by  diftillation.  The  common  fait 
is  compofed  of  marine  acid  and  mineral  alkali,  the 
vitriolic  acid  has  a  ftronger  attraction  for  the  alkali, 
therefore  unites  with  itj  and  drives  off  the  marine 
acid  in  form  of  a  white  vapor  j  which  is  condenfed  by 
water  in  proper  vefTels.  It  unites  with  alkalies, 
earths,  and  metallic  calces,  and  forms  various  neutral 
falts. 

III.  Acid  of  Borax.  This  acid  has  been  called 
Homberg's  fedative  fait;  it  is  united  with  the  mineral 
alkali  and  forms  Borax.  It  was  thought  to  be  an 
artificial  produftion;  but  it  has  been  found  by  Mr. 
Hoefer  in  a  lake  near  Sienna,  in  the  great  duchy  of 
Hetruria.  It  adls  like  an  acid,  but  very  feebly.  It 
may  be  flifed  without  any  addition,  when  it  forms 
a  glafs  like  fubftance,  which  may  be  dilTolved  again 
by  water.  It  diflblves  in  fpirit  of  wine,  and  then  the 
fpirit  burns  with  a  green  flame.  It  unites  with  al- 
kalies, earths,  and  metallic  calces.  Its  fpecific  gra- 
vity is  1,480.  It  is  obtained  by  adding  vitriolic 
acid  to  a  folution  of  borax ;  evaporating  a  little  of  the 
water;  and  the  fedative  fait  will  Ihoot  into  cryftals. 


IV.  Flowr 
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IV.  Flour  Aci-D.    This  acid  was  firft  prepared 
by  Margraaf  J  but  Scheele  firft  examined  it  as  an  acid 
with  precifion,  and  defcribed  its  peculiar  properties ;  • 
the  former  dire6ted  his  attention  to  the  earth,  which 
was  volatiUzed  in  the  procefs  of  obtaining  it.  To 
prepare  it,  equal  parts  of  fluor  fpar  and  oil  of  vitriol 
are  diftilled  in  a  proper  degree  of  heat,  in  a  glafs  re- 
tort; fome  water  being  previoufly  put  into  the  re- 
ceiver.   It  exhibits  the  peculiar  phenomenon  of  a 
part  of  its  vapors,  forming  an  earthy  cruft  upon  the 
furface  of  the  water.    In  its  fmell  and  volatility,  and 
by  caufing  a  precipitate  in  the  folutions  of  filver  and 
quickfilver  in  the  nitrous  acid,  it  has  been  fuppofed 
a  modification  of  the  marine  acid;  and  others  fup- 
pofe  it  of  the  vitriolic  kind.    It  unites  with  alkalies, 
earths,  and  fome  of  the  metals. 

Its  ufe  is  for  etching  on  glafs,  prepared  and  con- 
!  dufted  in  the  fame  manner,  as  for  etching  on  coppei- 
'  plates  with  the  nitrous  acid. 

V.  Acid  of  Arsenic  This  acid  was  firft  dil- 
covered  by  Scheele.  It  is  obtained  by  diftilling 
three  parts  of  dephlogifticated  marine  acid,  over  one 
pai-t  of  white  arfenic  in  a  retort  by  a  red  hkt;  or  by 
diffolving  in  a  retort,  two  parts  of  white  arfenic  m 
fevenpartsof  fpiritof  fak;  and  tiien  pouring  upon  this 
three  parts  and  an  half  of  nitrous  acid,  and  diftilling  off 

all 
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all  the  liquor  to  drynefs;  and  at  length  urging  it  with  a 
red  heat.  In  both  cafes  the  arfenic  is  found  concentrated 
in  the  refiduum.  As  it  is  found  in  the  refiduum,  it 
is  in  a  folid  and  concrete  ftate  ;  it  may  however  be 
diffolved  in  twice  its  weight  of  water,  and  brought 
into  a  liquid  form  i  which  by  evaporation  will  be- 
come folid  again.  When  this  is  fublimed,  it  re- 
alTumes  the  nature  of  white  arfenic ;  and  by  the  addi- 
tion of  phlogifton,  the  regulus  of  arfenic. 

VI.  Acid  Salt  of  Amber,  or  the  fuccinous  acid. 
This  is  obtained  from  the  diftillation  of  ambers  by 
evaporating  the  phlegm,  which  comes  over  during 
the  procefs,  and  the  fait  fhoots  into  cryftals.  Four 
pounds  of  amber  yield  about  nine  drachms  of  it. 

VII.  MoLYBDENic  AciD.  Schccle  obtained  it 
by  abftrafting  dilute  nitrous  acid  for  five  times, 
ufing  fix  ounces  at  each  time,  from  twelve  drachms 
of  pulverifed  molybdena.  There  remained  at  laft  a 
powder  as  white  as  chalk,  which  v/eighed  fix  drachms 
and  a  half;  was  perfedly  foluble  in  twenty  times  its 
weight  of  water;  and  gave  it  an  acid,  and  almoft  me- 
tallic tafte.  And 

VIII.  TuNGSTENic  AciD.  To  obtain  this,  one 
part  of  the  pulverifed  tungften,  is  mixed  widi  four  of 
fait  of  tartarj  and  fufed  in  an  iron  crucible.  The  fufed 
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mafs  being  poured  out,  is  then  diflblved  in  ten  times 
it^  quantity  of  boiling  Water  j  and  the  folution  is  de- 
canted clear  frona  the  powder  that  fettles  at  the  bot- 
tom. After  this  the  alkaline  liquor  is  precipitated 
with  nitrous  acid,  and  hence  is  obtained  the  earth  of 
tungften,  which  poflefles  all  the  properties  of  an  acid. 

Of  VEGETABLE  ACIDS. 

VEGETABLE  acids  are  generally  liquid,  -  and 
contain  a  confiderable  portion  of  mucilaginous  matter^ 
confequently  they  do  not  poflefs  fo  great  a  degree  of 
acrimony  and  fharpnefs,  as  the  mineral  acids.  It  is 
very  probable,  that  the  bafe  of  all  the  acids  is  one 
identical  fubftance ;  and  though  there  may  appear 
fpecific  differences  among  them,  thofe  may  arifefrom 
particular  modifications.  The  French  fuppole  this 
acidifying  principle  to  be  the  oxygene,  or  bafe  of  de- 
phlogifticated  airj  Mr.  Kirwan  fuppofes  it  to  be 
fixed  airi  but  it  appears  to  me  to  be  fimple  elemen- 
tary fire.  But  at  prefent,  as  this  is  merely  conjectu- 
ral, we  will  proceed  to  the  enumeration  of  the  vegeta- 
ble acids. 

I.  Acid  of  Lemons.  This  is  obtained  by  the 
preffure  of  the  pulpy  part  of  the  fiuiti  which  is  fil- 
tered after  a  previous  and  fpontaneous  clarification  j 
and  kept  in  a  cool  place  in  glafs  bottles  covered  widi 

fine 
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fine  expreffed  oil  To  obtain  the  pure  acid,  the; 
juice  muft  be  faturated  with  chalk  while  boiling. 
Upon  this  the  precipitated  earthy  fediment  is  wafhed; 
covered  with  water,  and  mixed  with  as  much  oil  of 
vitriol  as  there  has  been  chalk  ufed  for  the  faturation. 
Finally,  the  felenite  generated  by  this  means  is  fepa- 
rated,  and  the  remaining  liquor  cryftallized- 

From  the  inveftigations  of  the  immortal  Scheele, 
it  appears,  that  in  all  kinds  of  fruit,  there  is  either  an 
acid  which  is  entirely  the  fame  with  the  pure  acid  of 
lemons ;  or  elfe  another  fpecific  acid,  which  he  calls 
the  acid  of  apples. 

II.  Acid  of  Apples.  In  order  to  feparate  this  in 
its  utmoft  purity,  faturate  the  juice  of  apples  with 
fixed  alkali ;  and  then  pour  vinegar  of  lead  upon  it, 
till  nothing  more  is  precipitated.  After  this  the  pre.- 
cipitate  being  firft  waflied,  pour  diluted  acid  of  vif 
triol  upon  it,  till  the  mixture  exhibits  a  pure  acid  tafte, 
without  any  fweetnefs.  After  this  the  liquor  muft 
be  feparated  by  filtration.  The  depurated  acid  of 
lemons  and  apples  is  difcriminated  by  the  following 
properties,  viz.  Firft,  The  acid  of  lemons  flioots  into 
beautiful  cryftais  J  fecondly,  it  does  not  produce  the 
faccharine  acid,  by  means  of  nitrous  acid ;  thirdly, 
it  produces  no  alterations  in  the  folutlons  of  mer- 
cury, lead,  and  filver,  in  nitrous  acid  3  nor  in  a  diluted 
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folution  of  gold  j  and  fifthly,  it  has  a  greater  affinity 
to  calcareous  earth,  than  the  acid  of  apples. 

The  Acid  of  Apples.  Firfl,  cannot  be  made 
to  cryftallize,  and  is  always  deliquefcentj  fecondly, 
with  nitrous  acid,  it  forms  acid  of  fugar;  thirdly.  It 
precipitates  nitrous  folutions  of  mercury,  lead,  and 
filver,  and  a  diluted  folution  of  goldj  and  fourthly, 
lime  combined  with  acid  of  apples,  is  more  foluble 
in  water,  than  when  it  is  combined  with  the  acid  of 
lemons. 

III.  Acid  of  Sorrel.  The  juice  of  forrel  after 
the  foeces  have  fettled,  muft  be  evaporated  till  only 
one  third  remains  ;  and  then  pafTed  through  a  flannel 
bag.  It  is  then  evaporated  again  till  a  pellicle  ap- 
pears on  the  furfacej  when  it  is  poured  into  a  glafs; 
a  little  oil  of  olive  put  on  its  furfacej  and  then  fet  by 
in  a  cool  place,  till  the  cryftals  fhoot.  Thefe  cryf- 
tals  contain  a  portion  of  alkali.  The  pure  acid  is 
obtained  by  diftillation ;  as  fire  expels  it  from  all  its 
combinations;  or,  with  a  folution  of  fugar  of  leadj 
the  acid  of  which,  unites  with  the  alkaU;  while  the 
acid  of  forrel  unites  with  the  lead ;  which  may  be 
precipitated  by  the  vitriolic  acid,  and  then  the  acid  of 
forrel,  will  cryftaUize  in  a  pure  ftate. 

.  This 
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This  acid  is  not  eflentially  different  from  the  acid 
of  fugar,  which  is  a  faftitious  preparation  obtained 
by  abftra6ling  nitrous  acid  from  fugar.  Scheele 
firft  difcovered  this  analogy,  by  faturating  cold  wa- 
ter with  the  acid  of  fugar ;  and  adding  to  this  folu- 
tion  fome  lixivium  of  tartar,  drop  by  drop ;  during 
the  effervefcence  fmall  cryftals  formed,  which  were 
found  to  be  genuine  fait  of  wood-forrel.  Klaproth, 
of  Berlin,  corroborated  Scheele,  by  means  of  a  very 
ftriking  and  curious  experiment.    He  precipitated 
a  nitrous  folution  of  mercury  wdth  acid  of  wood- 
forrel,  neutralized  by  vegetable  alkali.    The  white 
precipitate  well  wafhed  and  dried,  and  gently  heated 
in  a  tea  fpoon ;  produced  a  fulminating  noife  not 
inferior  to  that  of  fulminating  gold.    Acid  of  fugar 
perfectly  neutralized  by  vegetable  alkali  prodj^ed 
the  fame  precipitate,  which  on  expofure  to  heat,  ex- 
hibited the  fame  fulminating  power. 

IV.  AcjD  of  Tartar.  The  moft  fimple  pro- 
cefs  for  obtaining  this  acid  is  as  follows ;  viz.  one 
pound  of  cream  of  tartar,  boiled  in  five  or  fix  pounds 
of  water;  a  quarter  of  a  pound  of  clear  and  color- 
lefs  oil  of  vitriol,  is  to  "be  added  by  little  and  little, 
when  a  complete  foluti'on  is  obtained.  If  the  coc- 
tion  be  continued,  all  the  vitriolated  tartar  is  preci- 
pitated. When  the  liquor  is  evaporated  to  one  halfi 
it  is  to  be  fikeredj  and  if  upon  farther  evaporation, 

any 
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any  thing  more  is  precipitated,  it  muft  be  filtered 
again.  The  clear  liquor  is  then  to  be  reduced  to  the 
confiftence  of  a  fyrup,  and  fet  in  a  temperate,  but 
rather  warm  place  j  when  very  fine  cryftals  will  be 
formed^  and  as  much  acid  will  be  obtained  as  is 
equal  to  half  the  weight  of  the  cream  of  tartar  em- 
ployed. It  unites  with  alkalies,  and  forms  different 
neutral  faks,  and  with  fome  of  the  metals. 

V.  Acid  of  Benzoin.  This  is  obtained  from 
the  refinous  fubftance,  called  benzoin.  The  pro- 
cefs  is  from  Scheele  as  follows,  viz.  four  ounces  of 
frefn  burnt  lime  are  flaked  with  a  little  water.  It 
is  then,  with  one  pound  of  benzoin,  reduced  to  a  fine 
powder,  and  with  eight  of  water  thrown  into  a  pew- 
ter kettle ;  and  the  whole  boiled  for  half  an  hour,  over 
a  gentle  fire,  continually  fbirring.  After  this  the  folu- 
tion  is  filtered  what  remains  on  the  filtre  is  boiled* 
once  or  twice  more  with  eight  pounds  of  water  j  and 
laftly,  the  refiduum  waflied  as  much  as  poffible  with 
hot  water.  The  two  folutions  are  boiled  down  to 
two  pounds,  and  after  being  filtered  very  clear, 
poured  into  a  glafs  veffel.  A  quantity  of  marine  acid 
is  then  added  to  the  liquor  till  it  begins  to  tafte 
fourifli  5  immediately  upon  which  the  flowers  of  ben- 
jamin are  precipitated,  and  the  whole  mixture  ac- 
quires an  agreeable  flavor.  The  flowers  are  de- 
prived of  all  the  adhering  acid,  by.  waftiing  in  cold 

water. 
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water.  From  one  pound  of  benjamin,  fourteen 
drachms  of  this  acid  may  be  obtained. 

VI.  Acetous  Acid,  or  Vinegar.  It  is  pro- 
duced by  continuing  the  vinous  fermentation.  It  is 
concentrated  by  freezing.  The  ftrongeft  which  is 
called  RADICAL  Vinegar,  is  obtained  by  decom- 
pofmg  acetous  neutral  falts,  by  means  of  the  vitriolic 
acid ;  which  having  a  ftronger  affinity  to  their  bafes, 
extricates  the  vinegar  in  the  form  of  a  very  pene- 
trating vapor.  It  unites  with-  alkalies  and  moft  of 
the  metals. 

To  which  may  be  added  the  Acid  of  Galls,. 
difcovered  by  Scheele;  the  Acid  of  Cork,  difco-^ 
vered  by  M.  Brugnatelli  j  the  Acid  of  Camphor,. 
difcovered  by  M.  Rofegarten;  and  that  of  Gums, 
and  Mucilages,  difcovered  by  Weftrumbj.  all 
which  yield  the  Acid  of  Sugar,  by  treating  with 
nitrous  acid,  fo  that  it  is  probable  they  are  only  dif- 
ferent modifications  of  the  fame  acid. 

Of  ANIMAL  ACIDS. 

I.  Acid  of  Ants.     It  is  obtained  in  the  fol- 
lowing manner.     Upon  a  great  quantity  of  ants 
contained  in  a  retort ;  water  is  poured,  which  is  then 
drawn  off  till  nearly  half,  and  yields  an  acidulous  wa- 
4  ter. 
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ter,  together  with  a  fubtle  ethereal  oil.  What  rc-. 
mains  in  the  retort  is  put  into  a  linen  bag,  and  all  the 
liquor  preffed  out.  This  contains  the  greateft  part  of 
the  acid  of  the.  ants,  together  with  anunguinous  oil, 
which  muft  be  feparated  from  it.  To  obtain  it  in  a 
pure  itate,  the  expreffed  liquor  muft  be  poured  again 
into  a  retort,  and  the  aqueous  part  drawn  from  it  by 
a'  gentle  fire;  and  as  foon  as,  any  acid  drops  make 
their  appearance,  the  whole  muft  be  received  in 
a  feparate  receiver,  and  the  diftillation  continued  till 
an  empyreumatic  fmell  is  perceived.  To  procure 
it  in  a  concentrated  ftate,  the  whole  acid  liquor  muft 
be  fdturated  with  an  alkali;  then  filter  it,  evaporate, 
and  diftil  it  again,  with  half  its  quantity  of  oil  of 
vitriol.  This  acid  refembles  vinegar  in  moft  of  its 
properties,  but  differs  from  it  in  forming  cryftals, 
with  magnefia,  iron,  and  zinc.  It  is  probable  that 
the  acids  of  filk-worms,  bees,  wafps,  &c.  are  of  the 
fame  nature  as  the  acid  of  ants,  and  therefore  they 
are  not  fpoken  of  as  fpecific  differences. 

II.  Nitrous  Acid.  This  is  the  produce  of  ani- 
mal matters,  undergone  the  putrefaftive  fermen- 
tation. It  is  obtained  by  diftilling  vitriolic  acid  over 
faltpetre,  and  condenfing  the  vapor  in  a  receiver.  It 
is  called  Aqua  FoRTis. 


III.  Acid 
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III.  Acid  of  Fat.  Obtained  by  repeated  dif-  - 
tillations  of  animal  fat. 

IV.  Acid  of  Phosphorus.  This  is  procured 
by  diflblving  calcined  bones  in  nitrous  acid,  and 
precipitating  the  calcareous  earth  with  the  vitriolic 
acid.  The  liquor  is  to  be  filtered  to  feparate  the 
felenite,  and  confifts  of  the  acid  of  phofphorus  and 
nitrous  add.  The  latter  may  be  feparated  by  eva- 
poration J  which  being  continued,  leaves  the  phof- 
phoric  acid  in  a  concrete  ftate.  This  acid  diftilled 
with  powdered  charcoal,  yields  phofphorus.  What 
is  called  the  perlate  acid,  appears  only  a  modification 
of  the  phofphoric. 

V.  Acid  of  Prussian  Blue.  To  obtain 
which,  faturate  perfedly  cauftic  fixed  alkali,  by  boil- 
ing it  repeatedly  on  freih  portions  of  Pruffian  blue. 

.  Filter  and  mix  highly  reftified  fpirit  of  wine,  which 
throws  dov/n  the  proper  fait  of  the  lixivium  in  white 
fiocculi.  Thefe  are  feparated  by  filtration,  and  all  the 
matter  foluble  in  fpirit  of  v/ine  is  extraded.  A  folu- 
'tion  of  this  fait  in  water  is  of  a  bright  yellow  color; 
does  not  fhew  the  leaft  veftige  of  iron  on  the  addition 
of  an  acid  j  and  precipitates  that  metal  of  a  beautiful 
blue  color. 


VI.  Aci© 
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'VI.  Acid  of  Sugar  of  Milk.  Common  whey* 
clarified  with  the  whites  of  eggs,  and  evaporated, 
yields  cryftais.  Thefe  cryftals  according  to  Scheele 
contain  an  acid  fui  generis. 

Of  EMPYREUMATIC  ACIDS. 

WHEN  acids  are  produced  by  the  aflion  of 
fire,  they  will  always  become  empyreumatic;  on 
account  of  their  oleaginous  parts  being  decompofed 
and  deftroyed ;  but  on  being  purified  they  exhibit  a 
great  refemblance  to  vinegar.  Of  this  kind  is  the 
vinegar  of  wood,  which  is  obtained  in  the  fmall,  by 
a  dry  diftillation  of  wood  in  an  iron  retort.  After 
a  re6tification,  it  may  be  concentrated  like  diftilled 
vinegar  by  an  union  with  fixed  alkalies  j  and  by  be- 
ing expelled  by  the  vitriolic  acid,  obtained  in  a  very 
pure  ftate. 

As  moft  vegetables,  by  being  diftilled  in  an  open 
fire,  yield  empyreumatic  acids  j  if  there  be  any  fpe- 
cific  differences  in  them,  they  will  form  a  very  nu- 
merous clafs. 

Fixed  air  pofllrfles  all  the  properties  of  an  acid; 
but  as  it  is  generally  treated  of  among  die  gafes,  it 
is  now  referred  to  that  clafs. 

Aqua 
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Aqua  regta,  which  is  clafled  among  the  acids,  is 
a  compound  of  the  marine  and  nitrous  acids.  It 
diffolves  gold  in  confequence  of  the  nitrous  acid  de- 
phlogifticating  the  marine.  To  that  the  latter  is  always 
in  a  very  concentrated  ftate. 

Of  ALKALIES. 

THE  general  properties  of  alkalies,  are,  firft. 
They  change  the  blue  color  of  vegetables  into  a 
green.  Syrup  of  violets  is  a  good  teft,  but  the  beft 
is  brafil  wood,  macerated  in  water  j  which  is  tinged 
red  J  but  on  the  application  of  an  alkali,  alTumes  a 
a  blue  color;  one  grain  of  mineral  alkali  tinges  4,295 
grains  of  the  teft  water. 

Secondly,  They  unite  with  acids  and  form  neutral 
falts,  and 

Thirdly,  In  their  natural  ftate  they  are  combined 
with  fixed  air,  when  they  are  called  mildj  to  diftin- 
guifti  them  from  that  ftate  produced  by  'art,  which 
is  called  cauftic  ;  v/hich  confifts  of  depriving  them 
of  their  fixed  air,  by  boiling  in  water  with  quick 
lime ;  the  lime  has  a  fuperior  attraftion  for  fixed  air, 
therefore  deprives  the  alkali  of  it,  fo  that  on  the  ap- 
plication of  an  acid  no  eifervefcence  enfu'es,  which  is 
always  the  cafe  when  the  alkalies  are  in  a  mild  ftate. 

The 
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The  cryftals  of  the  alkahes  depend  on  their  union 
with  fixed  air  or  water. 

Alkahes  are  divided  into  three  claffes,  viz.  firfl:. 
Mineral,  or  Fossil;  fecondly.  Vegetable;  and 
thirdly,  Volatile. 

I.  Of  MINERAL,  or  FOSSIL  ALKALI^ 

AS  this  fait  is  not  produced  in  the  animal  or  ve- 
getable kingdom,  it  is  called  mineral  or  foffil.  It 
is  found  native  in  Hungary,  Egypt,  Syria,  Perfia, 
&c.  but  is  in  general  obtained  by  burning  plants, 
which  grow  near  the  fea,  particularly  kali,  a  plant 
which  grows  plentifully  on  fome  parts  of  the  Spa- 
nifh  coafts.  It  is  imported  under  the  name  of  foda, 
or  barilla,  and  is  the  natron  of  the  ancients.  In  its 
mild  ftate,  it  forms  regular  cryftals,  which  dilTolve  in 
2,5  times  its  weight  in  water,  in  the  temperature  of 
60.  100  parts  according  to  Bergman  contain  2C5 
of  alkah,  16  of  fixed  air,  and  64  of  water. 

II.  0/ VEGETABLE  ALKALI. 

IT  is  obtained  from  the  combuftion  of  all  ve- 
getables, which  gri^w  beyond  the  fea  mark,  by  the 
lixiviation  of  their  afties.  In  its  impure  ftate,  it  is 
called  Pot- ASH;  but  when  it  is  purified  by  folution 

and 
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and  filtration,  it  is  called  pearl  Ash.   Tartar  burnt 
m  an  open  fire,  yields  the  fanme  alkali.    loo  parts  of 
which  contain  23  of  fixed  air,  5  of  water,  1  of  earth, 
and  70  of  alkali* 

Though  thefe  alkalies  agree  in  fome  general  cha- 
rafters,  yet  they  have  their  fpecific  differences. 

I.  Mineral  Alkali  cryftallizes,  but  the  veget- 
able alltali  never  does,  in  any  regular  form. 

II.  Mineral  Alkali  on  expofure  to  air,  lofes 
its  water  of  cryftallization,  and  is  reduced  to  a  fine 
white  powder;  vegetable  alkali,  on  the  contrary, 
attradls  moifture  from  the  air,  liquifies^  and  is  then 
called  Oil  of  Tartar.  And 

III.  The  mineral  alkali  united  with  the  different 
acids  forms  neutral  falts,  eafily  diftinguifhable  from 
thofe  with  the  bafe  of  vegetable  alkali. 

III.  Of  VOLATILE  ALKALI. 

This  alkali  is  known  by  its  penetrating  fmell.  Its 
natural  ftate  is  Vaporous.  It  is  obtained  by  diflilla- 
tion  of  animal  and  vegetable  fubflances,  and  by  the 
putrefaftion  of  the  fame.  One  hundred  parts,  of 
concrete  volatile  alkali,  contain  twelve  parts  of  wa- 

^  ter, 
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ter,  forty-five  of  fixed  air,  and  fqrty-threc  of  pure 
alkali. 

This  alkali  appears  in  fix  difFerent  forms,  viz. 
Firft,  Vapor.    This  is  its  pure  and  original  ftate. 
Secondly,  In  a  clear  tranfparent  liquid  form.  In 
this  ftate  it  is  mixed  with  water,  and  deprived  of  its 
fixed  air  by  quick  lime.    This  is  called  Spirit  of 
Sal  Ammoniac  with  quick  lime.    Thirdly,  As  a 
nearly  tranfparent  liquori  this  diff'ers  from  the  former 
in  having  a  fmall  portion  of  fixed  air  contained  in  it, 
and  is  called  Spiri'^al^ Ammoniac  Fourth- 
ly, In  a  folid  form,  called  Volatile  Salt  from  Sal 
Ammoniac  It  is  in  union  with  a  confiderable  quan- 
tity of  fixed  air.    Fifthly,  It  appears  as  a  liquid  of  a 
brown  color,  with  a  peculiar  animal  fmell.    This  is 
called  Spirit  of  Hartshorn,  and  owes  its  color 
and  fmell  to  an  animal  oil  mixed  with  it;  and  fixth- 
ly,  of  a  folid  form.    This  is  rendered  folid  by 
fixed  air,  and  contains  a  confiderable  quantity  of 
cmpyreumatic  oil.    It  is  called  volatile  Salt 
of  Hartskorn,  and  is  the  moft  impure  of  all  the 
preparations. 
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Of  NEUTRAL  SALTS.  ' 

THERE  are  three,  fpecies  of  neutral  falts.  Firft, 
With  an  alkaline  bafe;  fecondly,  with  an  ..earthy 
bafc}  and  thirdly,  with  a  metallic  bafe.  They  refult 
from  a  perfeft  faturation  of  an  acid,  with  either  an 
alkali,  an  earth,  or  a  metallic  calx.  In  this  ftatc 
they  form  various  cryftals,  which  diffolved  in  water, 
and  poured  into  a  tindure  of  the  blue  flowers  of  ve- 
getables, produce  neither  a  red  nor  a  green  color, 
hence  they  are  called  neutral  falts.  ' 

Acids  can  diflblve  two  or  three  bafes,  and  form 
apparently  a  fimple  neutral  fait.  This  ilate  can  only 
be  deteded  by  chemical  analyfis. 

The  clafs  of  neutral  falts  is  fo  extenfive,  that  to 
give  a  full  enumeration  of  them  is  incompatible 
with  our  prefent  plan  but  we  will  mention  the  com- 
binations of  the  three  principal  acids,  viz.  the  vitrio- 
lic, the  marine,  and  the  nitrous. 

I.  VITRIOLIC  ACID  with  an  ALKALINE 

BASE. 

I.  Mth  Mineral  Alkali  forms  Glauber's  Salt. 
Thefe  cryftals,  according  to  Bergman,  contain 
in  one  hundred  parts,  fifteen  pure  mineral  alkali, 

d  2  twenty- 
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twenty-feven  of  vitriolic  acid,  and  fifty-eight  of 

water.  " 

II,  With  vegetable  Alkali^  forms  vitriolated  'tartar. 

'I'H'efe  cryftals,  according  to  Bergman,  contain  in 
one  hundred  parts,  fifty-two  of  pure  alkali,  forty  of 
vitriolic  acid,  and  eight  of  water. 

I  tl .  With  volatile  Mali,  forms  vitriolic  Ammoniac. 
THIS  contains  in  one  hundred  parts,  forty- two  of 
acid,  forty  of  alkali,  and  eighteen  of  water. 

II.VITRIOLIC  ACID  with  EARTHY  BASES. 
I.  With  Clay,  forms  Alum. 
ONE  hundred  parts,  contain  eighteen  of  clay, 
thirty-eight  vitriolic  acid,  and  forty-four  of  water. 

II.  With  Lime,  forms  Gy^um. 
One  hundred  parts  of  gypfum,  contain  thirty-t\vo 
of  lime,  forty-fix  acid,  and  twenty-two  of  water. 

III.  With  Magnefia,  forms  Epfom  Salt. 
ONE  hundred  parts,  contain  nineteen  of  magne- 
fia,  thirty-three  ofacid,  and  forty-eight  of  water. 

IV.  With  Barytes, forms  Barofelenite. 
ONE  hundred  parts,  contain  fixty-feven  of  earth, 
•    and  thirty-three  of  acid  and  water. 
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III.  VITRIOLIC  ACID  with  METALLIC 
CALCES. 

'  AS  all  the  neutral  faks  with  metallic  bafes,  have 
not  as  yet  been  fufficiently  inveftigated;  we  lhall 
mention  only  thofe  w^hich  are  moft  conneded  with 
the  arts. 

I.  With  Copper,  forms  blue  VitrioL 

ONE  hundred  parts  of  blue  vitriol,  contain 
twenty-fix  of  copper,  forty-fix  of  vitriolic  acid,  and 
twenty-eight  of  water. 

II.  With  Iron,  forms  green  VitrioL 

ONE  hundred  parts  of  which,  contain  twenty- 
three  of  iron,  thirty-nine  of  vitriolic  acid,  and  thirty- 
eight  of  water. 

III.  With  Zinc,  forms  white  VitrioL 

ONE  hundred  parts,  contain  twenty  of  zinc,  forty 
of  vitriolic  acid,  and  forty  of  water. 

I.  MARINE  ACID  with  an  ALKALINE  BASE. 
.1 .  With  mineral  Alkali,  forms  common  Salt. 

ONE  hundred  parts,  contain  forty-two  of  alkali, 
iifty-two  of  acid,  and  fix  of  water. 
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II.  With  Vegefahk  Jlkali^  forms  digeJliveSalt  of  Sylvius, 

ONE  hundred  parts,  contain  fixty-one  of  alkali, 
thirty-one  of  acid,  and  eight  of  water. 

III.  With  volatile  Alkali,  forms  common  Jal  Ammoniac. 
ONE  hundred  parts,  contain  forty  of  alkali,  fifty- 
two  of  acid,  and  eight  of  water. 

II.  MARINE  ACID  -with  EARTHY  BASES, 
forms  CHRYSTALS  very  DEIJQUESCENT. 

I.  T!he  Cryflals  form  Marine  Acid  and  Lime,  called 
Marine  Selenite. 

CONTAIN  in  one  hundred  parts,  forty-four  of 
lime,  thirty-one  of  acid,  and  twenty- five  of  water. 

\l.  The  Cryflals  from  Marine  Acid  and  Magnefta, 
called  Marine  E-^om. 
CONTAIN  in  one  hundred  parts,  forty-one  of 
magnefia,  thirty-four  of  acid,  and  twenty-five  of 
Water. 

III.  Marine  Barofelenite, 
Is  the  marine  acid  united  with  barytes.  Forms 
.large  foliated  cryllals  not  as  yet  examined. 

IV.  With  Clay,  Marine  Alum  deliquefcenty  mtexanmed. 

METALLIC  falts  prepared  with  the  marine  acid, 
do  not  for  the  moft  part  affume  a  cryftalline  form, 
and  thofe  which  do,  are  in  general  deliquefcent. 

l.NI- 
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I.  NITROUS  ACID,  with  an  ALKALINE 

BASE. 

I.  IVith  Mineral  Alkali^  forms  cubic  Nitre. 

ONE  hundred  parts  contain  twenty- nine  of  acid, 
fifty  of  alkali,  and  twenty-one  of  water. 

II,  With  Vegetable  Alkali,  forms  common  Nitre. 

ONE  hundred  parts  contain  thirty  of  acid,  lixt)''- 
three  of  alkali,  and  feven  of  water. 

III.  With  Volatile  Alkali^  forms  nitrous  Amtnoniac, 
ONE  hundred  parts  contain  forty-fix  of  acid, 
forty  of  alkali,  and  fourteen  of  water. 

II.  NITROUS  ACID  with  EARTHY  BASES. 
I'.  With  Lime  forms  nitrous  Selenite. 
ONE  hundred  parts  contain  thirty- three  of  acid, 
thirty-two  of  lime,  and  thirty-five  of  water. 

II.  With  Magnefia,  forms  nitrous  Epfom. 
ONE  hundred  parts  contain  thirty-fix  of  acid, 
twenty-feven  of  magnefia,  and  thirty-feven  of  water. 

III.  With  Barytes^  forms  harytic  Nitre, 

IT  cryftallizes,  but  the  cryftals  have  not  been  ex- 
amined. 
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IV.  With  Clay^ forms  alumitic  Nitre, 
THIS  cannot  be  cryftallized,  but  forms  a  gummy 
mafs. 

From  the  nitrous  acid,  and  the  diflferent  metals, 
arife  metallic  nitrous  falts  j  of  which  a  few  only  cryf- 
tallize,  and  moft  of  them  deliquefce  on  expofure  to 
the  air. 

When  there  is  a  fuper- abundance  of  acid  in  com- 
pound falts,  they  are  called  fuperacidated  falts,  as  in 
alum,  &c.  and  when  the  alkali  predominates,  they 
are  called  fubacidated  falts,  as  in  borax,  &c. 

One  hundred  parts  of  pure  mineral  alkali,  require 
to  faturate  them,  one  hundred  and  feventy-feven  parts 
of  vitriolic  acid,  one  hundred  and  thirty-five  and  a 
half  of  nitrous  acid,  an^i  one  hundred  and  twenty- 
five  of  marine  acid. 

One  hundred  parts  of  pure  vegetable  alkali,  re- 
quire to  faturate  them,  feventy- eight  and  a  half  of  vi- 
triolic acid,  fixty-four  of  nitrous  acid,  and  fifty-one 
and  a  half  of  marine  acid. 

One  hundred  parts  of  vitriolic  acid,  require  to  fa- 
turate them,  one  hundred  and  twenty-feven  and  a 
half  of  pure  vegetable  alkali,  fifty-fix  and  a  half  of 
mineral  alkali,  and  forty-two  of  volatile  alkali. 
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II.  Of  1NFLAMMA.BLE  BODIES. 

WE  underftand  by  the  term,  inflammable  bo- 
dies;  fubftances  which  are  capable  of  taking  fire  and 
bui-ftingout  into  flame;  from  which  particularities 
dicy  are  eafily  diftinguiflied  from  all  other  bodies. 

This  clafs  comprehends  feven  genera,  viz.  Firft, 
Inflammable  Air,  fecondly.  Alcohol;  thirdly. 
Oils;  fourthly.  Sulphur;  fifthly.  Charcoal; 
fixthly,  Pyrophori  s  and  feventhly,  Metals. 

In  giving  an  explanation  of  the  circumfl:ances, 
which  take  place  during  the  inflammation  of  bodies ; 
it  rnufl  be  obferved;  Firft,  That  all  inflammable 
fubftances,  contain  one  identical  *  principle,  called 
phlogifton;  and  fecondly,  that  no  inflammation  can 
take  place  in  combuftible  bodies,  unlefs  they  be  ex- 
pofed  to  atmofpheric  air ;  and  then  the  inflamma- 
tion in  a  determinate  quantity,  can  only  be  carried  on 
to  a  certain  point,  dependent  on  its  purity.  For  the 
atmofphere  being  compofed  of  different  vapors,  they 
do  not  all  contribute  to  promote  this  procefs;  and 
however  various  they  may  be,  only  one  of  its  con- 
ftituent  parts,  viz.  empyreal  air,  has  the  leaft  power, 
either  in  exciting,  or  continuing  inflammation;  the 
Other  parts  unconnefted  with  that  principle,  would 

efFedually 
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cffeflually  deflroy  it.  This  empyreal  air  is  a  com- 
pound body ;  formed  of  its  radicle  and  elementary 
fire. 

Thefe  circumftances  being  premifed,  we  will  pro- 
ceed to  explain  the  phenomenon  of  inflammation, 

Inffammation  is  a  decompofition,  effedled  by  a 
double  eledive  attraction.  But  it  muft  be  previ- 
oufly  obferved,  that  combuftible  bodies  retain  their 
phlogifton,  or  principle  of  inflammability,  with  dif- 
ferent degrees  of  cohefion  j  fome  parting  with  it  in 
the  temperature  of  the  atmofphere,  as  the  pyro- 
phori;  and  others  requiring  the  application  of  heat  ab 
extra,  before  inflammation  can  be  eflefted.  Now, 
in  tl:ie  latter  cafe,  I  look  upon  the  heat  leflening 
the  attradion  of  cohefion  between  the  parts,  as  reduc- 
ing the  combuftible  bodies  into  a  ftate  fimilar  to  that 
of  pyrophorus ;  at  which  point,  the  radicle  of  the 
dephlogifticated  air,  having  a  ftronger  attraction 
for  the  phlogifton  of  the  inflammable  body,  than 
for  the  elementary  fire,  with  which  it  is  united  s 
breaks  through  its  union,  and  combines  with  the 
phlogifton,  fetting  at  liberty  the  particles  of 
elementary  fire,  which  efcape  into  the  air.  The 
radicle  of  the  empyreal  air  and  the  phlogifton, 
form  a  compound,  which  is  abforbed  by  the  burn- 
ing body.    This  compound  is  determined  by  the 

temperature 
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temperature  at  which  the  union  is  formed,  if  it 
be  low,  the  refult  will  be  fixed  airj  but  if  at  a 
high  temperature,  it  will  be  water. 

The  intenfity  of  heat  thus  produced,  is  divided 
into  five  degrees,  reduced  to  the  fcale  of  Fahrenheit's 
thermometer.    The  firil  is  called  Digeftory.  It 
begins  at  the  34th  degree  of  that  fcale,  and  reaches 
to  the  94th.    At  this  degree  the  putrefa6tion  of  ani- 
mals and  fermentation  of  vegetables  begin.    It  is 
employed  for  preparing  tindlures,  elixirs,  lac  var- 
nilhes,  &c.    The  fecond,  is  called  Distillatory, 
begins  at  the  94^^  and  extends  to  212^.    This  is 
ufed  for  the  diftillation  of  fpiritof  wine,  water,  ethe- 
real oils,  as  well  as  for  the  re6tification  of  vegetable 
acids,  as  for  the  marine  and  nitrous  j  and  for  the  pre- 
paration of  varnifh,  for  the  ufe  of  painters.  Third, 
is  called  Sublimatory.    It  begins  at  212^  and 
reaches  to  600*^.    Lead  and  tin  melt;  fixed  alkaline 
falts  are  brought  into  fufion;  oil  of  vitriol  is  refti- 
fied,  and  the  different  kinds  of  fublimation  are  per- 
formed.   The  velTels  in  thefe  operations  are  brought 
to  a  dull  red  heat.    The  fourth  degree,  is  called  the 
FusoRY.    It  begins  at  the  600^  and  ends  at  the 
1600^ y  or  at  that  at  which  iron  melts.    At  this  de- 
gree, gold  and  filver  are  cupelled ;  ores  are  fluxed ; 
pottery  and  porcelain  baked;  limeftone  converted 
into  lime,  and  glafs  fufed.    At  the  higheft  point  of 

this 
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this  degree  all  bodies  give  out  a  white  heat.  The 
heat  produced  by  concave  mirrors  and  convex  lenfes 
is  confidered  as  the  fifth  degree  ^  by  which  wood  may 
be  burnt  to  a  coal,  even  under  water,  and  vitrefcent 
ftones  begin  to  melt.  The  reafon  why  fuch  un- 
common effedls  are  produced  by  the  fun's  rays,  is, 
that  the  elementary  matter  of  fire  afts  in  a  ftate  of 
tlie  greateft  purity  pofTiblej  while  the  fire  produced 
by  means  of  the  combuftible  matters  of  our  earth,  is 
prevented  afting  with  its  full  power  by  other  matters 
extricated  at  the  fame  time,  fuch  as  air,  water,  &c. 

Though  the  clafs  of  inflammable  bodies,  com- 
prehends only  feven  genera,  yet  from  various  modi- 
fications they  branch  out  into  a  confiderable  number 
of  diftinft  fpecies,  and  may  be  thus  arranged,  viz. 

1.  Inflammable  Air,  will  be  more  particularly  no- 
ticed among  the  permanent  gafes. 

•  II.  Alcohol.    Its  compounds  are, 

L  HiilcifiedSfint  of  Vitriol;  and  II.  Vitriolic  Mther^ 
in  union  with  different  portions  of  vitriolic  acid. 

'  ni.  Sweet  Spirit  of  Nitre-,  and  IV.  Nitrous  yEther^ 
in  union  with  different  portions  of  nitrous  acid. 

V.  Sweet  Spirit  of  Salt;  and  VI.  Marine  ^ther, 
in  union  with  different  portions  of  marine  acid. 

VII.  Ace- 
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VII.  Acetous  jEther,  united  to  vinegar. 

VIII.  Lignk  ySther,  united  to  vinegar  of  wood. 

IX.  Oxalhie  MtheVy  united  to  the  fait  of  wood  for- 
rel. 

X.  Sebaceous  jEther,  united  to  the  acid  of  fat. 

XI.  Phojphoric  JStherfVLm.tQdtot\\&  acid* of  phos. 

XII.  Formic  MtheTjMmtt^  to  the  acid  of  ants.  And 

XIII.  Sweet  Spirit  of  Sal  Ammoniac,  united  to  vo- 
latile fal  ammoniac. 

111.  OILS,  divided  into  unduous,  eflential,  folTil, 

and  animal. 

I.  Un^uous  Oils,  called  alfo  unguimus,  exprejed. 
Bland,  Faty  or  Greaje.  Thefe  are  oils  of  fweet  and 
bitter  almonds,  olives,  palm,  &c.  Their  combina- 
tions, are  foaps,  acid,  alkaline,  and  metallic,  and  bal- 
fams  of  fulphur,  or  fulphurated  oils. 

II.  EJfential  Oils,  called  alfo  ethereal  or  aromatic 
Oily  Balfam  and  Reftn.    Thefe  are  foluble  in  alcohol. 

\U.  FqfdOilsy  asnaptha,  petroleum,  Barbadoes 
tar,  jet,  amber,  pit  coal,  afphaltum,  Jews  pitch,  bi- 
tumen, &c,  and 

IV.  Ani- 
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IV.  Animal^  Dippel's  oil,  excrementitious^  am- 
bergrife,  caftor,  mufk,  &c. 

IV.  SULPHUR.    Its  compounds  are, 

I.  Liver  of  Sidfhur^  united  to  an  alkali. 

II.  Sulphurated  Metais, 

III.  Hepatic  Gas^  united  with  phlogifton  and  wa- 
ter. 

IV.  Phojphoric  Sulphur » 

V.  Pho/phoric  Gas.  Arid 

VI.  Sugar y  Honey ^  Mannay  or  oxaline  Sulphur* 

V.  CHARCOAL.  Charred  Vegetables,  Linen  or 
Tinder,  charred  Oil,  Lamp  Black,  Coaks  or 
Cinders,  animal  Charcoal. 

I.  PiumhagOj  compofed  of  inflammable  and  fixed 
airs. 

II.  Diamond, 

yj.   PYROPHORI.   HOMBERG's  PYRO- 
PHORUS,  compofed  of  Sugar  and  Alum  cal- 
£^^ed, .  Black  Wad,  Hay  undergoing  the  acetous 
1  Fermen- 
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Fermentation,  Ignis  Fatuus,  and  other  Meteors, 
&c,  &c.  And 

VII.  METALS.    As  Iron,  Zinc,  Antimony,  &c, 
ufed  in  giving  different  Colors,  in  Fire-works. 

Alcohol  is  the  produce  of  the  fermentation  of 
fugar,  malt,  &:c.  and  is  the  moft  intricate  procefs 
connefted  with  chemiftiy.    It  is  divided  into  three 
fpecies,  viz.  the  vinous,  the  acetous,  and  the  putre- 
factive.   The  firft  production  of  this  procefs,  is  ar- 
dent fpirit,  fpirit  of  wine,  or  alcohol.    The  fecoad, 
vinegar ;  and  the  third  volatile  alkali ;  fo  that  the 
different  fpecies  are  diftin<5lly  marked.    The  vinous 
and  acetous  fermentations  are  attended  by  a  brifk  in- 
teftine  motion  and  extrication,  of  a  confiderable 
quantity  of  fixed  air.    It  is  promoted  by  warmth, 
but  not  to  exceed  the  heat  of  the  human  body  and 
requires  expofure  to  air.    The  putrefaftive  fermen- 
tation cakes  place  principally  in  organic  matters. 

The  conftitucnt  parts  of  alcohol,  appear  to  be, 
phlogifton,  elementaiy  fire,  and  a  fmall  portion  of 
water.  The  asthers  contain  the  fame  principles, 
umted  to  particular  acids  as  their  bales.  The  ge- 
neral principle  of  oils,  refins,  bitumens,  charcoai, 
&c.  is  phlogifton.  Sulphur  is  compofed  of  the  vi- 
sriolic  acid,  and  that  principle. 

IIL  Of 
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III.  0/  M  E  T  A  L  S. 

WE  muft  refer  the  reader  to  the  books  treating  on 
thofe  particular  fubje£ls. 

IV.  0/  E  A  R  T  H  S. 

EARTHS  have  always  been  looked  upon  as 
primitive  principles,  contained  as  conftituent  parts  of 
moft  bodies.  Chemical  analyfis  has  difcovered  five 
Ipecies,  whole  characters  are  permanently  diftin6t; 
and  incapable  of  being  changed,  by  any  means  yet 
employed.  They  are,  firft.  Calcareous.  Second- 
ly, Ponderous.  Thirdly,  Magnesian,  or  Mu- 
riatic Fourthly,  Argillaceous j  and  Fifdily, 
Siliceous. 

I.  0/ CALCAREOUS  EARTH. 

CHEMISTS  have  given  this  name  in  general 
to  all  earths  and  ftones,  which  by  being  burnt,  ac- 
quire the  properties  of  quick-lime.  The  charac- 
ters of  which  are,  firft,  its  fpecific  gravity  is  about 
2,3;  it  has  a  hot  burning  tafte;  afts  powerfully  on 
animal  fubftances;  and  imparts  great  heat  on  the 
application  of  water.  Secondly,  At  the  tempera- 
ture of  60'',  it  requires  fix  hundred  and  eighty  times 

its 
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its  weight  of  water  to  diflblve  it.    Thirdly,  It  unites 
with  acids,  and  except  with  the  vitriolic,  forms  with 
them  deliquefcentfaltsj  and  fourthly,  it  is  infuflble 
in  any  heat  of  a  furnace  j  yet  ails  as  a  powerful  flux 
on  the  other  earths.    Fixed  alkalies  have  fcarcely 
any  efFeft  upon  it;  but  it  is  eafily  brought  into  fu- 
fion  by  borax  or  microcofmic  fait.    Fufed  with  calx 
of  iron  it  forms  a  black  mafs  of  a  metallic  appear- 
ance; with  calx  of  copper  a  red  colored  mafs;  with 
calces  of  lead,  zinc,  tin,  and  antimony,  a  yellow 
glafs,  and  with  calx  of  bifmuth  a  greenifh  glafs.  • 
In  its  natural  ftate,  it  conftitutes  marble,  lime- 
ftone,  chalk,  fparsj  &c.  and  v/hen  united  v/nh  a  fmall 
portion  of  vitriolic  acid,  felenite,  gypfum,  plaifter 
of  paris,  alabafter,  &c. 

II,    0/  PONDEROUS  EARTH. 

THIS  earth  is  called  barytes.    It  is  united  with 
either  the  vitriolic  acid  or  fixed  air.    It  is  feparated 
from  the  firft  by  calcining  it  in  a  red  heat  with  oil 
or  powdered  charcoal;  and  after  edulcoration  it  is  ' 
found  in  a  pure  ftate,  which  perfedly  refembleslime 
in  tafte,  but  requires  900  times  its  weight  of  water  to 
diflblve  it,  at  the  temperature  of  60^.    Or  it  may  be 
feparated  from  the  vitriolic  acid  by  calcining  it  with 
twice  its  weight  of  fixed  alkali,  which  unites  with  the 
acid,  and  forms  vitriolated  tartar;  that  is  diflblved  by 
adding  boiling  water,  fo  that  the  earth  is  left  difen- 

e  gaged 


Ixxxii  INTRODUCTION, 
gaged.    When  it  is  found  united  with  fixed  air;  the 
air  cannot  be  diflipated  by  calcination ;  and  the  only, 
method  to  feparate  it  is,  by  diffolving  in  the  marine 
or  nitrous  acid,  and  precipitating  it  with  cauftic  al- 
kali. When  dlffolved  in  marine  or  nitrous  acid,  and 
evaporated ;  it  yields  cryftals,  which  do  not  deli- 
quefce;  and  is  precipitable  from  thofe  folutions  by 
thePruffian  alkali  j  a  property  which  diftinguilhes 
it  from  all  the  other  earths.    It  decompofes  vitrio- 
lated  tartar,  an  effed  which  no  other  earth  can  ope- 
rate.   In  the  dry  way,  it  afts  and  is  afted  upon 
nearly  as  calcareous  earth,  but  is  more  fufible  by  the 
mineral  alkali.    Its  fpeciBc  gravity  exceeds  4,000. 

III.  MURIATIC  EARTH,  or  MAGNESIA. 

ITS  fpecific  gravity  is  about  2,33;  it  requires 
about  fix  hundred  and  ninety-two  times  its  weight 
of  water  to  diffolve  it,  in  the  temperature  of  the 
air.    It  combines  with  acids;  the  vitriolic  feparates 
it  from  the  nitrous  and  marine;  the  precipitate 
forms  Epfom  fait,  which  is  very  bitter  and  foluble  in 
its  own  weight  of  water.    It  neither  melts  nor  burns 
to  lime  in  the  ftrongeft  heat;  but  lofes  confiderably 
of  its  weight,  partly  by  evaporation,  and  partly  by 
the  lofs  of  fixed  air.    It  does  not  vitrify  with  any  of 
the  fimple^  earths"  fingly,  except  lime;  but  it  is 
broucrht  intofufion  by  borax  or  microcofmic  fait; 
°  but 
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but  is  not  affeaed  by  fixed  alkalies,  or  the  calces  of 
lead. 


IV.  ARGILLACEOUS  EARTH,  or  EARTH 

c/  ALUM. 

THIS  is  called  argill,  its  fpeclfic  gravity  does  not 
-rxceed  2,000.  It  is  very  difFufible,  but  not  more 
foluble  in  water  than  pure  magnefia.  It  combines 
with  the  nitrous  and  marine  acids,  from  which  it  is 
feparable  by  the  vitriolic,  and  forms  alum.  It  is  not 
precipitable  from  thofe  acids  by  the  acid  of  fugar; 
which  diftinguifhes  it  from  the  foregoing  earths  all 
of  which,  except  the  ponderous  united  with  the  vitrio- 
lic acid,  are  precipitable  by  the  acid  of  fugarj  though, 
if  there  be  an  excefs  of  mineral  acid,  the  precipitate 
is  not  always  apparent,  till  a  part  of  the  liquor  be 
evaporated.  The  ftrongeft  heat  does  not  convert  it 
into  quick  lime,  nor  fufe  it  j  either  fingle  or  with 
filiceous  earth  J  but  with  the  calcareous  it  readily 
runs  into  fufion.  Fixed  alkalies  do  not  promote  its 
fofion,  but  borax  and  microcofmic  fait  diflblve  it. 
It  is  affefted  fomething  lefs  by  the  calces  of  lead, 
than  calcareous  earth. 
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V.   SILICEOUS  EARTH. 

THIS  is  called  cryftalline,  or  vitmble  earth,  as  it 
is  thatof  which  glafs  is  generally  formed.    Its  fpeci- 
fic  gravity  is  greater  than  all  the  fimple  earths  except 
tarytes;  being  2,65.     In  the  temperature  of  the 
a-tmofphere,  <^n\v  one  part  of  this  earth  can  be  dif. 
folved  in  ten  thoufand  parts  of  water ;  but  m  a  higher 
temperature  k  m  more  foluble.    None  of  the  acids 
except  the  fluor  affeas  itj  but  that  will  difiblve  a 
confiderable  portion  of  it.    Cauftic  fixed  alkalies  in 
a  liquid  ftate,  will  take  up  from  i- 10  to  1-6  of  their 
weio-ht.    It  is  of  itfelf  infufible  in  the  ftrongeft  heat; 
neither  does  argillaceous  nor  muriatic  earth  affift  its 
fufion;  and  the  calcareous  is  fomewhat  doubtful, 
-Fixed  alkalies  bring  It  into  fufion,  and  will  melt  dou- 
ble their  weight  ofit3  borax  affeas  it  (lightly  and 
«,icroeofmic  fait  fcarcely  any.    The  calx  -of  lead 
will  mek  from  1-3  to  i-^  ^^^S^^ 

In  confequence  of  th€  calcareous,  magnefian,,  pon- 
derous, and  argillaceous  earths,  being  combinable  with 

all  acids,  they  are  frequently  called  abforbent  eartha. 

From  the  combination  of  different  proportions  of 
thefe  five  fimple  earths ;  ariles  all  that  amazing  va- 
riety of  Tpecies,  which  is  found  in  die  foffil  king- 
dom. ^ 
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V.     0/  AIR. 

Mr.  BOYLE  and  other  philofophers,  confidered 
thefeveral  vapors  obtained  from  cereatn  fubftances  by- 
artificial  procefles,  as  atmofpherical  air  and  applied 
die  term  to  every  permanently  el'aftic  vapor;  hence 
fa6titiou3,  fixed,  or  fixable  air,  to  which  later  expe- 
rimenters have  added  inflammable  air,  nitrous  air, 
&c.  Thefe  terms  lead  to  an  opinion  that  fuch  va- 
pors are  different  modifications  of  the  atmofphere; 
but  as  that  is  not  the  cafe,  retaining  them  muft  be  a 
condnual  fource  of  error;  therefore  we  fhall  follow 
Van  Helmont,  in  comprehending  fuch  permanent 
vapors,  as  are  obtained  by  any  chemical  procefs,  un- 
der the  general  term  gas. 

Chemical  analyfis  teaches  us,  that  the  atmofphere 
Is  an  heterogeneous  vapor,  compofed  of  fixed,  phlo- 
gifticated,  and  empyreal  gafes,  befides  various  other 
foluble  matters.  Its  general  properties  ai-e,  firft,  its 
fpecific  gravity  is  to  that  of  water  as  i  to  8.50.  Se- 
condly, It  is  capable  of  great  compreffion  and  cxpan- 
fion.  Thirdly,  It  is  a  principal  agent  in  all  chemi« 
cal  procefles,  particularly  in  combuftion,  and  the  cai- 
cinadon  of  metals.  Fourthly,  It  is  indifpenfible  for 
the  fupport  of  animal  and  vegetable  life.  Fifthly, 
It  is  perfectly  foluble  in  water;  and  fixthly,  it  is  con- 
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tainedin  moft  fubftances  in  a  folid  ftate,  from  which 
it  may  be  extraded  by  the  air-pump. 

EMPYREAL  GAS. 

THIS  is  obtained  by  heat,  from  calcined  mer^ 
cury,  red  precipitate,  from  minium,  moiftened  with 
nitrous  acid  j  lunar  nitre ;  nitres  with  alkaline  akd 
earthy  bafes,  &c.  leaves  of  plants,  raw  filk,  and  other 
organized  fubftances,  immerfed  in  water,  impregnated 
with  aerial  acid,  and  expofed  to  the  fun's  rays,  like- 
wife  produce  it. 

It  is  heavier  than  common  air,  the  only  vapor 
which  can  fupportlife,  or  maintain  combuftionj  and 
is  three  time  as  efFeftual  in  that  procefs  as  common 
air.  United  with  inflammable  gas  at  a  low  tempera- 
ture, it  forms  aerial  acid  j  but  with  a  red  heat,  water. 

MEPHITIS  or  MEPHITIC  GAS, 

SO  called,  becaufe  it  is  adverfe  to  the  animal 
frame.  This  gas  was  fuppofed  to  be  nothing  more 
than  air,  altered  by  phlogiftic  procelTes  j  and  was 
therefore  called  phlogifticated  gas.  But  it  is  now 
proved  to  exift  ready  formed  in  the  atmofphere,  and 
is  developed  in  proportion  as  the  empyreal  gas  is 
abforbed.    The  ufual  way  of  obtaining  it  in  a  ftate 
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of  purity,  is  by  expofing  liver  of  fulphur  in  a  fluid 
ftate,  to  a  certain  portion  of  air  3  the  liver  of  fulphur 
abforbs  the  empyreal  gas,  and  leaves  the  pure  me- 
phitis behind.  It  has  been  difcovered  in  the  air . 
bladders  of  carp,  and  may  be  collefted  by  breaking 
them  under  veflels  filled  with  water. 

Mephitis  has  neither  tafte  nor  fmell,  it  is  lighter 
than  atmofpheric  air ;  it  does  not  redden  the  tindture 
of  Htmus,  nor  precipitate  lime  from  lime-water. 
Neither  water,  earths,  nor  acids,  have  any  vifible 
a£tion  upon  it.  Mr.  Cavendilh  has  difcovered  that 
three  parts  of  mephitis  and  feven  parts  of  empyreal 
gas,  expofed  to  the  palTage  of  the  eledlrical  fpark,  are 
gradually  condenfed,  and  produces  nitrous  acid. 
BerthoUet  in  decompofing  volatile  alkali,  found  it 
to  confifb  of  five  parts  of  mephitis,  and  one  of  in-' 
flammable  air.  As  animal  matters  contain  a  eon-- 
fiderable  portion  of  it,  which  is  extricated  during  pu- 
trefadion ;  volatile  alkali  in  a  great  quantity  muft 
be  formed  during  that  procefs. 

NITROUS  GAS. 

THIS  is  obtained  from  the  adion  of  nitrous  acid 
upon  metals,  oils,  &c. 


c  4.  It 
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It  extinguifhes-  flame,  deprives  animals  of  life,  is 
■  neither  acid  nor  alkaline;  nor  is  it  altered  by  pure 
water.  It  is  compofed  of  mephitis,  phlogifton,  and 
empyreal  gas.  "When  united  with  air/ a  diminution 
is  produced  in  proportion  to  the  purity  of  it;  hence  it 
is  ufed  as  a  teft  to  determine  the  falubrit}'  of  air  at 
different  places. 

AERIAL  ACID. 

IT  is  obtained  from  a  folution  of  chalk,  mild  al- 
kali, marble,  &c.  in  the  marine  or  vitriolic  acid. 

The  properties  of  aerial  acid,  are  firft,  it  changes 
the  blue  color  of  vegetables  into  red ;  fecondly,  it 
extinguifhes  flame,  and  is  highly  noxious  to  animals 
which  breathe  it  thirdly,  it  precipitates  lime  from 
lime-water,  and  renders  cauftic  allcalies  mild; 
fourthly,  it  is  highly  antifeptic ;  and  fifthly,  water 
abforbs  it,  in  a  confiderabie  quantity. 

This  vapor  conftitutes  the  choak  damp  of  mines. 

VITRIOLIC  ACID  GAS. 

IT  is  the  vitriolic  acid  volatilized  by  phlogifton. 
It  is  very  foluble  in  water,  it  deftroys  moft  veget- 

•able 


IKTRODUCTION.  Ixxxix 

able  colors;  and  when  united  with  alkaline  bafes, 
forms  neutral  falts,  different  from  thofe  formed  of 
the  vitriolic  acid.    It  is  deftrudive  of  animal  life. 

SPARRY  ACID  GAS. 

IT  is  obtained  from  fluor  or  vitreous  fpar,  by  the 
vitriolic  acid.  '  Its  principles  are  not  known. 

MURIATIC  ACID  GAS. 

IT  is  obtained  by  boiling  fpirit  of  fait  in  a  retort, 
placing  the  neck  beneath  a  veffel  filled  with  mer- 
cury. This  elaftic  fluid  has  a  ftrong  and  penetrat- 
ing fmell.  It  extinguifhes  candles,  deftroys  the  life 
of  animals,  reddens  blue  vegetable  colors,  ablbrbs 
the  vapors  of  water  which  float  in  the  air,  and  forms 
with  them  a  white  fume,  which  difTolves  in  water, 
and  forms  marine  acid.  It  caufes  ice  to  melt  with 
great  rapidity;  by  reafon  of  the  heat  it  imparts  on 
combination  with  water.  It  diffolves  camphor.  The 
nature  of  this  gas  is  not  as  yet  well  known. 

AERATED  MURIATIC  GAS. 

THIS  is  obtained  with  great  facility  during  the 
adion  of  marine  acid  on  the  calx  of  manganefe. 


It 
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It  is  always  of  a  yellow  greenilh  color,  with  a 
ftrong  and  penetrating  fmell.  It  is  not  acidj  extin- 
guifhes  flame  ;  and  quickly  deftroys  animal  life.  It 
deftroys  the  colors  of  all  dyed  ftufFs,  fyrup  of  violets, 
and  tindure  of  litmus,  by  turning  them  to  a  white. 
It  blanches  yellow  wax,  &c.  It  decompofes  volatile 
alkali,  by  depriving  it  of  the  inflammable  air,  and 
leaves  the  mephitis.  It  thickens  unguinous  oils,  cal- 
cines metals,  not  excepting  mercury  and  gold,  and 
diffolves  in  water,  to  which  it  communicates  the  fame 
properties.  It  is  decompofed  by  expofure  to  light, 
which  reduces  it  to  the  ftate  of  pure  muriatic  acid. 

INFLAMMABLE  AIR. 

AVHEN  pure  it  is  the  lighteft  of  all  the  aeriform 
vapors.  It  is  obtained  from  a  folution  of  iron  in  vi- 
triolic acid.  It  extinguiflies  fire,  is  fatal  to  animal 
lifej  inflames  on  the  application  of  fire,  when  freely 
expofedto  atmofphericair.  United  to  mephitis  it 
forms  volatile  alkali ;  and  to  dephlogifticated  air, 
water.    It  is  the  fire  damp  of  mines. 

HEPATIC  GAS. 

IT  is  obtained  by  decompofing  liver  of  fulphur 
by  means  of  acids.    It  has  a  foetid  odor,  kills  ani- 
mals. 
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mals,  and  turns  fyrup  of  violets  green.  Empy- 
real air  precipitates  fulphur  from  it  j  and  it  inflames 
with  a  reddilh  blue  flame.  Water  abforbs  it,  but  it 
is  decompofed  by  expofure  to  air  and  the  fmoking 
nitrous  acid,  and  the-fulphureous  acid  decompofe  it, 
as  well  as  the  gas.  Hepatic  gas  reduces  the  calces  of 
lead  and  bifmuth.  It  precipitates  muriatic  folutions. 
Mercury  and  filver  decompofe  it,  by  feparating  the 
fulphur.  It  is  this  gas  that  generally  mineralizes 
all  fulphureous  waters. 

PHOSPHORIC  GAS. 

IT  is  obtained  by  boiling  cauftic  alkali  with  half 
its  weight  of  phofphorusj  and  receiving  the  vapor  in 
veflfels  filled  with  mercury.  This  gas  is  foetid,  de- 
ftroys  animal  life,  and  takes  fire  fpontaneoufly  by  the 
contad  of  air.  It  is  a  folution  of  phofphorus  in  in- 
flammable air. 

CARBONACEOUS  INFLAMMABLE  GAS. 

A  folution  of  charcoal  in  inflammable  air.  This 
vapor  burns  with  a  blue  flame,  attended  with  fmall 
white,  or  reddifh  fparkles. 
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ALKALINE  GAS. 
Js  pure  volatile  Alkali. 

TPIE  naiTie  of  mephitized  inflammable  air,  is 
given  by  Fourcroy  to  the  inflammable  air  of  marflies. 
Itis  dlfengaged  from  fl:anding  waters,  and  in  all  places 
where  animal  matters  putrefy  in  water.  It  accom- 
panies, precedes,  or  follows  the  formation  of  volatile 
alkali,  which  takes  place  in  putrefadion.  It  is  fup- 
pofed  to'  be  formed  by  mephitis  and  inflammable 
airdifflifed  through  each  other.  It  burns  with  a 
blue  flame,  and  does  not  detonate  with  empyreal  air 
widiout  great  difiiculty. 

'  Thefe  gafes  for  experiment  are  generally  colleded 
in  cylindrical  glafles  containing  either  mercury  or 
water.  To  afcertain  the  quantity  which  any  jar 
will  contain  in  cubic  inches  i  the  area  mufl:  be 
multiplied  by  the  perpendicular  height.  Now  the' 
area  is  found  by  multiplying  half  the  diameter  by 
half  the  circumference,  which  is  to  the  diameter  as 
twenty-two  to  twenty-fcven  nearly ;  or  fl:ill  nearer  as 
one  hundred  to  three  hundred  and  fourteen.  By 
way  of  example,  and  to  ufe  fmall  numbers,  and  to 
avoid  fraftions;  we  will  take  the  diameter  to  the 
circumference  as  one  to  three.  Suppofe  the  cylin- 
der eighteen  inches  deep,  and  its  internal  diameter 
°'  exadly 
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cKadly  eight  inches ;  its  circumferaice  is  therefore 
twenty-four  inches  ;  half  of  which  being  miiitiplied 
by  four,  which  is  half  the  dianneter,  gives  forty-eight 
for  the  area ;  and  forty- eight  being  multiplied  by 
eighteen  inches,  the  depth  of  the  veffei  gives  the 
number  of  fquare  inches  of  gas  contained  in  the  cy- 
linder, viz.  eight  hundred  and  fixty-four. 

VI.    Of  WAT  E  R. 

WATER  w^as  always  looked  upon  as  a  fimple 
clement;  but  lately  fome  experiments  of  Mr.  Ca- 
vendifli,  give  lis  reafon  to  believe  it  is  a  compound 
fubftance,  whofe  conftituent  parts  are  inflammable 
gas,  and  the  bafe  of  empyreal  gas.  But  it  appears 
improbable  thatfuch  immenfe  quantities,  which  are 
found  on  the  furface  of  our  earth,  fliould  be  formed 
by  fecondary  caufes ;  indeed  the  produ£bion  of  it  by 
art,  feems  to  depend  on  circumftances,  which  can 
fcarcely  ever  occur'in  nature,  fo  that  water  muft  date 
with  the  creation. 

The  quality  of  water  may  be  known  by  the  fol- 
lowing properties,  viz.  firft,  pure  water  is  lighter  and 
more  fluid  than  that  which  contains  heterogeneous 
fub(lances3  fecondly,  it  has  no  color,  fmell,  nor  talle/ 
thirdly,  it  wets  more  eafily  ihah  hard  water;  and 
fourthly,  foap  mixes  with  it  without  any  dccompo- 
fition. 

Water 
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Water  is  fufceptible  of  three  ftates,  viz,  folidity, 
fluidity,  and  vapor.  When  it  becomes  ice  the  air  in 
conta6t  beconncs  hotter;  but  as  it  is  reduced  to  a 
fluid  again,  the  fame  air  is  made  confiderably  colder, 
than  the  ftate  of  the  atmofphere  ;  and  when  it  is  con- 
verted into  vapor,  it  abforbs  heat,  and  produces 
cold.  It  perfectly  dilTolves  in  air  at  65*'  of  the 
thermometer ;  boils  ar  2,12^  and  freezes  at  32^.  It 
increafes  flame,  by  being  decompofed,  and  flirnifhing 
empyreal  gas.  It  has  not  the  leaft  affinity  to  phlo- 
gifton,  unguinous  oils,  fat,  refins,  and  fulphur;  but 
unites  imperfeftly  with  eflential  oils  and  sether.  Ic 
is  the  proper  menftruum  of  falts  and  cauftic  earths } 
and  perfeftly  diffolves  gums  and  mucilages. 

Moft  waters  are  impregnated  with  heterogeneoua 
fubftances,  and  when  they  become  fenfible  to  the 
tafte  they  are  called  mineral  waters.  The  moft  com- 
mon impregnations  are,  firft,  acids,  fometimes  in  an 
uncombined  ftate,  but  moft  frequently  united  to 
earths,  alkalies,  or  metals;  fecondly,  alkalies,  fome- 
times uncombined,  but  generally  in  union  with  aerial 
or  other  acids;  thirdly,  lime,  magnefia,  terra  ponde- 
rofa,  or  clay,  moft  frequently  united  with  acids; 
fourthly,  iron,  copper,  and  manganefe.  Iron  united 
with  fixed  gas  or  vitriolic  acid  ;  copper  always  with 
the  vitriolic  acid  ;  and  manganefe  with  the  marine; 
and  fifthly,  fulphur  in  form  of  hepatic  air,  or  through 

the 
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the  medium  of  an  alkali,  forming  liver  of  fulphur. 
Sometimes  vitriolated  zinc,  and  arfenic  are  found. 

There  are  two  methods  of  difcovering  thefe  im- 
pregnations, viz.  precipitation  and  evaporation. 

The  volatile  parts  fhould  be  expelled  by  a  boiling 
heat,  and  colle6ted  with  a  pneumatic  apparatus.  If 
aerial  acidlhould  be  contained,  the  water  previous  to 
boiling  will  redden  the  tinflure  of  litmus ;  or  lime- 
water,  will  be  precipitated  either  by  adding  a  little  of 
the  water,  or  placing  a  little  lime-water  to  the  a6tion 
of  the  expelled  vapor.  If  it  fhould  be  hepatic  air, 
it  will  fmell  like  putiid  eggs  and  blacken  filver. 

I.    By  PRECIPITATION. 

IF  vitriolic  acid  be  contained  in  any  form,  it  is 
detefled  by  a  folution  of  terra  ponderofa  in  marine 
acid ;  the  vitriolic  acid  feizes  the  eardi,  and  falls  to  the 
bottom,  forming  a  fpathum  ponderofum.  The  ma- 
rine acid  is  dete(5led  by  applying  a  folution  of  filver 
in  nitrous  acid  ;  the  marine  acid  feizes  the  filver  and 
falls  down  in  form  of  a  mucilage,  infoluble  in  nitrous 
acid. 


Uncombined  alkalies  change  paper  colored  with 
brazil  wood  to  a  blue  color.    Or  if  a  quantity  of 

fal 
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fal  ammoniac  thrown  into  the  water,  produce  a  fmell 
of  volatile  alkali,  the  water  certainly  contains  fixed 
alkali  uncombined. 

Lime  is  difcovered  by  acid  of  fugar ;  and  barytes 
or  terra  ponderofa,  by  vitriolic  acidj  neutral  falts 
with  alkaline  bafes,  are  precipitated  by  highly  rec- 
tified fpirit  of  wine. 

Iron  is  precipitated  blue  with  pruflianated  alkali, 
copper  of  a  brown  color,  and  zinc  of  a  white  color, 
which  becomes  yellow  on  expofure  to  heat,  but  be- 
comes white  again  as  it  cools  j  or  iron  may  be  dif- 
covered v/ith  tin6h.ire  of  galls,  unlefs  it  be  in  a  de- 
phlogifticated  ftate,  and  in  union  with  marine  acid, 
when  the  tin£ture  of  galls  produces  no  effe6t  j  but 
the  water  is  affeded  in  the  ufual  way  by  the  pruf- 
fianated  alkali.  .For  the  purpofe  of  difcovering 
whether  the  iron  be  diiTolved  in  the  vitriolic  or  ma- 
rine acid,  let  a  fmall  portion  of  a  folution  of  terra 
ponderofa  in  nitrous  acid  be  added  j  when,  if  it  throws 
down  a  yellow  precipitate,  and  the  water  lofes  its 
inky  tafte,  the  iron  is  dilTolved  in  the  vitriolic  acid ; 
but  ific  does  not  lofe  that  tafte,  the  iron  is  combined 
with  marine  acid.  Copper  may  likewife  be  detefted 
by  the  volatile  alkali.  If  manganefe  be  contained, 
a  folution  of  vegetable  alkali  poured  in  the  water, 
forms  a  white  precipitate,  which  grows  black  in  the 
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fire,  and  is  neither  foluble  in  nitrous  nor  vitriolic 
acid. 

Nitrous  acid  deftroys  the  qdor  of  thofe  waters, 
which  contain  liver  of  fulphur,  and  feparates  the 
fulphur.  On  the  other  hand,  the  vitriolic,  and  ma- 
rine acids  augment  the  fmell,  while  they  feparate  the 
fulphur.  Solutions  of  lead,  filver,  and  quickfilver, 
in  nitrous  acidj  and  a  folution  of  corrofive  fublimate 
yield  with  water  thus  impregnated  a  brown  or  black 
precipitate,  which  when  dried  will  burn  on  a  red 
hotlhovel,  with  a  blue  flame,  and  fulphureous  fmell. 
If  the  water  be  impregnated  with  hepatic  gas,  nei-  . 
ther  the  vitriolic  nor  marine  acid  augments  nor  di- 
minifhes  its  odor ;  nor  do  they  precipitate  the  ful- 
phur, which  is  efFeded  by  the  dephlogifticated  ni- 
trous and  marine  acids  only  3  depriving  the  water  of 
its  odor  at  the  fame  time.  The  folutions  of  lead, 
filver,  and  quickfilver,  yield  no  precipitate,  unlefs  it 
contains  a  confiderable  quantity  of  gas ;  and  then  the 
precipitate  does  not  burn  with  a  flame.  Silver  turns 
black  in  it,  and  deprives  it  of  its  ofi^enfxve  odor. 

If  water  contain  arfenic,  a  folution  of  martial  vi- 
triol throws  down  a  black  precipitate.  Or  the  wa- 
ter mufl:  be  boiled  down^  and  the  refiduum  thrown 
upon  live  coals  j  if  it  fmells  of  garlic,  it  contains  ar- 
fenic, 
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II.    By  EVAPORATION. 

BY  evaporating  a  fufficient  quantity  of  water,  the 
falts  which  it  contains  appear  in  the  follov/ing  order. 
Firft,  aerated  lime  and  fiRceous  earth  fall  before  the 
water  boils  j  fecondly,  gypfum;  thirdly,  alunn; 
fourthly,  vitriolated  vegetable  alkali  j  fifthly,  martial 
vitriol;  fixthly,  common  nitre;  feventhly,  vitriol  of 
copper;  eighdy,  falited  vegetable  alkali;  ninthly,  mi- 
neral alkali;  tenthly,  common  fait;  eleventhly,  vitriol 
of  zinc;  twelfthly,  vitriolated  magnefia;  and  laftly, 
deliquefcent  falts. 

The  volatile  parts  muft  be  collefted  with  a  pneu- 
i-nauc  apparatus,,  and  properly  examined  and  efti- 
mated.    As  there  are  fubftances  which  are  decom- 
pofed  during  evaporation,  they  Ihould  be  feparated 
previous  to  that  procefs.    Thefe  are  liver  of  ful- 
phur  and  m.etallic  falts.    The  vitriolic  acid  of  the 
liver  of  fuiphur,  is  difengaged  during  evaporation, 
and  com.bines  with  the  alkaline  fubftances  which  may 
.  be  contained;  and  the  metal  of  the  metallic  falts  lofes 
its  phlogifton,  fepa  rates  from  its  acid,  and  form.s  new 
"  combinadons.    Therefore  the  fuiphur  muft  be  pre- 
cipitated by  the  nitrous  acid,  and  weighed;  and  the 
metallic  falts  muft  be  afcertained  by  the  pruffianated 
alkali,  purified  by  the  nitrous  acid.    The  color  of  the 

precipitate  Ihews  the  metal,  and  the  weight  of  it,  the 
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quantity  of  metallic  fait.  It  muft  be  obferved,  that 
various  falts  are  formed,  by  the  union  of  the  re-agepts 
with  the  fubftances,  previoufly  exifling  in  the  water,- 
thefe  are  cubic  and  calcareous  nitre,  vitriolated  tartar, 
and  digeftive  faltj  but  thefe  ma.f  he  afcertained  by 
attending  to  the  quantity  of  re-agent  ufed  and  allow- 
ing for  it.  The  water  is  now  to  be  evaporated  away ; 
and  the  refiduum  weighed.  This  refiduum  contains 
falts,  which  are  foluble  in  reftified  fpirit  of  wine  j  in 
cold  water,  or  fubftanccs  infoluble  by  either  men- 
ftruum.  Spirit  of  wine  diiTclves  neutral  falts  with 
earthy  bafes,  fedative  fait,  arfenic,  and  extraftive  mat- 
ter. This  folution  in  fpirit  of  wine,  after  it  is  di- 
luted v/ich  diftilled  watery  is  examined  as  follows,  viz. 

I.  If  precipitants  indicate  falts  with  a  calcareous 
bafis,  the  earth  muft  be  feparated  by  the  acid  of  fu- 
gar,  united  to  an  alkali;  the  precipitate  thus  ob- 
tained gives  the  quantity  of  calcareous  earth.  The 
fait  acquired  by  cryftallization,  whether  it  be  nitre  or 
digeftive  fait,  Ihews  with  what  acid  the  calcareous 
earth  was  combined.  In  order  to  feparate  this  fait 
more  accurately,  the  liquor  may  be  evaporated  to 
drynefs,and  the  foluble  part  of  the  refiduum  extrafted 
with  fpirit  of  wine;  confequently  the  digeftive  fait  and 
cubic  nitre  remain  behind  as  being  infoluble. 

II.  If,  in  confequenceof  the  precipitants,  a  fait  with 
barytic  earth  be  fufpeded ;  let  a  folution  of  Glauber's 
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felts,  or  vitriolated  tartar,  be  poured  into  the  water; 
the  quantity  of  the  precipitate,  will  fhew  the  quantity 
of  the  fait  contained  in  the  water.  The  fait  produced 
by  this  decompofition,  nnuft  be  feparated  and  examined. 

III.  If  the  water  contain  falts  with  magnefia  for 
their  bafes,  a  portion  of  fixed  alkali  nauft  be  added  to 
the  water,  when  the  magnefia  precipitates  j  and  by 
the  cryftallization  of  the  falts  j  or  by  precipitating 
tliem  with  fpiritof  wine,  it  will  be  feen  with  what 
acid  the  magnefia  was  combined. 

IV.  If  the  water  contain  fedative  fait,  it  muft  be 
evaporated,  and  the  falt  will  cryftallize.  This  is  the 
only  one  that  is  cryftallizable  and  foluble  in  fpirit  of 
wine.  Arfenic  is  deteftcd  by  a  fmall  quantity  of  vo- 
latile liver  of  fulphur.  The  liquor  muft  be  evapo- 
rated to  diynefs,  and  the  extraaive  matter  is  left  for 
examination. 

The  fubftances  which  are  foluble  in  dlftilled  wa- 
ter, may  be  fixed  alkali  faturated  with  fixed  air  j  all 
the  perfea  neutral  falts,  alum,  Epfom  fait,  &c.  To 
difcover  fixed  alkali,  let  a  quantity  of  Epfom  fait  be 
dilTolved  and  added  to  the  watei^  in  a  few  hours  a 
quantity  of  magnefia  will  be  precipitated;  the  quan- 
tity of  alkali  is  known  by  calculadng  the  portion  ne- 
xefTary  to  precipitate  the  fame  quanuty  of  magnefia 
from  Epfom  fait.    If  the  water  contain  alum  and 
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Epfom  fait,  cither  with  or  without  other  falts,  the 
beft  mode  to  afcertain  their  quantity,  is  to  decom- 
pofethem.    Let  a  folution  of  fixed  alkah  be  added 
drop  by  drop,  till  it  ceafe  to  make  the  water  turbid. 
Let  die  precipitate  be  careflilly  dried  and  weighed; 
and  then  put  it  into  water  faturated  with  fixed  air  i 
which  will  dilTolve  the  magnefia,  but  leaves  the 
earth  of  alum  untouched.    The  difference  of  weight 
Ihews  the  portion  of  magnefia  diflblved.    The  fait 
formed  by  the  decompofition  is  feparated  by  cryf- 
tallization,  if  the  water  contain  only  alum  and  Ep- 
fom fait.    If  Epfom  fait  and  Glauber's  fait  be  con- 
tained in  the  fame  water,  it  is  impoflible  to  feparate 
them  by  ciyftallization,  as  they  both  Ihoot  into  cryf- 
tals  at  the  fame  time  ;  therefore  they  muft  be  decom- 
pofed,  the  quantity  of  either  is  afcertalned  by  the 
weight  of  the  precipitated  earth.    If  Glauber's  fait, 
common  fait,  and  nitre  be  contained  in  water,  let  a 
folution  of  terra  ponderofa  in  nitrous  acid  be  poured 
into  the  waters  the  precipitate  dried  and  weighed, 
JOhews  the  quantity  of  Glauber's  fait.    Into  the  fil- 
tered liquor  let  a  quantity  of  a  folution  of  filver  in 
nitrous  acid  be  poured,  and  the  precipitate  fhews  the 
portion  of  common  fait;  and  if  thefe  precipitates 
give  not  the  exafl  weiglit  of  the  refiduum  diffolved 
in  cold  water,  there  is  reafon  to  fufpe6t  nitre ;  the 
deficiency  of  weight  fliews  the  quantity  which  may- 
be difcovered  likewife  by  cryftallization.    The  fub-r 
fiances  remaining,  which  are  not  foluble  either  in 
I      '  fpiric 
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Ipirit  of  wine  or  water,  are,  Firft,  Selenite;  Se- 
condly, Iron;  thirdly.  Siliceous j  fourthly,  Alu- 
minous; fifthly,  Muriatic;  fixthly.  Calcare- 
ous; and  feventhly,  heavy  Earth. 

Firft,  Selenite  is  extraded  by  boiling  the  refi.- 
duum  in  600  tirnes  its  weight  of  water  which  dif- 
folves  it,  and  carries  it  through  a  filter.    The  weight 
wanting  in  the  refiduum  Ihews  the  quantity  of  fele- 
nite.    Or  marine  acid  poured  on  the  refiduum  dif- 
folves  the  iron  and  earths,  and  leaves  the  felenite  and 
filiceous  earth  behind.    The  felenite  is  feparated 
from  the  filiceous  earth,  by  diflblving  it  in  diftilied 
water.    Secondly,  The  felenite  being  feparated  by 
the  former  method,  a  litde  marine  acid  poured  on 
the  refiduum,  diffolves  all  the  iron  and  earths,  except 
tlie  filiceous.    Thirdly,  The  iron  is  difcovered  by 
precipitating  it  in  form  of  P ruffian  blue,  by  the 
prulfianated  alkali,  previoufly  purified  by  the  marine 
acid.    Fourthly,  Calcareous  earth,  in  the  above  fo- 
lution,  by  acidof  fugar.    Fifthly,  Barytes  by  vitrio- 
lic acid ;  and  laftly.  The  magnefia  and  clay,  are  pre- 
cipitated by  a  mild  alkali,  and  the  former  is  dif- 
folved  from  the  clay  by  water  impregnated  with  fixed 
air. 


PART 


PART  I. 


O  F 


MINES   AND  ORES 


X 


I 

I 

\ 

* 
I 


MINES  AND  ORES. 


THE  moft  important  branch  of  chemiftry,  is 
metallurgy,  which  comprehends  not  only 
-die  extra6lion  of  metals  from  their  different  ores, 
but  likewife  the  converfion  of  fuch  metals,  either 
to  ufeful  or  ornamental  purpofes.  The  repofito- 
ries  of  ores  are  called  mines,  which  are  in  general 
confined  to  particular  fituations,  viz.  mountainous 
countries. 

Mountains  are  confidered  with  refpeft  to  their  ■ 
ftru6ture,  as  intire,  ftratified,  and  confufed.  The 
intire  mountains  are  moftly  homogeneous;  fome 
confift  of  granite,  others  of  limeftone,  of  a  granular 
or  fcaly  appearance;  and  fome,  as  in  Sweden  and 
Norway,  of  iron;  and  the  Paris  mountain,  in  the 
ifland  of  Anglefea,  of  copper  ore. 

Stratified  mountains  are  either  homogeneous  or 
heterogeneous,  and  are  the  principal  feat  of  me- 
tallic ores.  In  the  homogeneous  ftratified  moun- 
tains, the  metallic  ores  run  in  veins,  petrifadions  are 
found  upon,  but  not  in  thefe  mountains. 
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'The  heterogeneous  mountains,  confift  of  alter- 
nate ftrata  of  various  fpecies  of  ftones,  earths,  &c. 
When  the  ftratum  confifts  of  limeftone,  it  is  of  the 
laminar  kind  and  if  it  contain  any  metallic  ore,  this 
is  placed  between  the  laminae.  The  ftrata  are  fre- 
quently interrupted  by  filiceous  maffes,  which  are 
called  ftops. 

Thefe  compound  mountains  contain  coal,  bitu- 
men, petrifadions,  and  organic  impreffions,  falts 
calamy,goldin  fandy  ftrata,  copper  and  lead  ores, 
pyrites,  &c.    Thefe  lie  in  the  fame  diredlion  as  the 
ftrata  between  which  they  are  placed. 

There  are  mountains  analogous  to  thefe,  which 
cannot  properly  be  called  ftratified,  as  they  confift 
only  of  three  immenfe  mafles;  the  loweft  granite, 
the  middle  of  the  argillaceous  kind,  and  the  upper- 
moft  of  limeftone.  Thefe  are  in  general  metalli- 
ferous, the  ores  are  found  in  the  fecond  ftratum,  or 
between  the  firft  and  fecond.  They  are  in  veins  or 
beUies,  and  not  ftrata,  running  acrofs  the  other  ftrata 
in  all  direftions. 

Miners  diftinguifti  the  courfe  of  veins  with  refped 
to  the  meridian  by  the  term  direftion,  and  with  re- 
lation to  the  horizon,  by  that  of  inclination.  Their 
direcliion  is  either  morning,  noon,  evening  or  night; 
by  which  is  m.eant,  as  it  points  towards  that  divifion 
of  the  compafs,  where  the  fun  is,  at  any  of  thofe  pe- 
riods of  the  natural  day.    They  have  like  wife  names 
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cxpreflive  of  their  difference,  as  deep,  perpendicqjar, 
horizontal,  hanging,  dilated,  rich  or  poor. 

Small  veins  will  fometinnes  diverge  from  larger 
t)nes,  and  frequently  return  into  the  trunk  from 
whence  they  ilTued.  Thefe  are  called  flips,  and 
are  in  general  very  rich.  The  fuperior  ftratum  of 
earth  or  ftone,  immediately  in  conta6t  with  the  vein. 
Is  its  roof  J  the  inferior  fl:ratum  on  which  it  refts,  is 
the  floor. 

The  terminations  of  metallic  veins  are  various  j 
firfl:,  by  a  regular  diminution,  as  if,  during  their  fofc 
ftate,  they  had  been  compreflTed  by  the  fuperincum- 
bent  weight  of  the  fuperior  fl:rata  fecond,  by  fplit- 
ting  or  ramifying  into  fmaller  veins;  and  third,  by 
terminating  abruptly.  This  termination  is  caufed 
by  new  ftrata  running  tranfverfely  to  the  other,  or 
by  perpendicular  fifllures,  produced  by  fome  rupture 
or  derangement  of  the  fliratum,  through  which  the 
vein  pafles,  by  which  one  part  has  been  raifed,  de- 
preflTed,  or  removed  afide  from  the  other,  mofl  pro- 
bably "by  earthquakes.  Although  veins  terminate 
thus  abru|)tly,  they  do  not  entirely  ceafe,  but  are 
only  disjoined,  and  are  frequently  recovered  by 
fearching  the  analogous  parts  of  the  oppofite  fide  of 
the  deranged  fliratum. 

Mountains  confifl:ing  of  regular  flirata,  called  by 
authors  primseval,  are  the  principal  fource  of  metal- 
lic veins,  which  are  feldom  if  ever  found  in  plains ; 
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the  probable  reafon  of  which  is,  that  in  metalliferous 
mountains,  we  have  accefs  to  the  more  ancient  ftrata 
of  the  earth,  which  in  plains  are  covered  with  fo 
many  depofited,  alluvial,  and  other  ftrata,  that  we- 
can  feldom  if  ever  reach  the  former.    Thefe  veins 
are  never  found  in  diluvial  mountains,  which  are 
lingk  and  detached,  though  fometimes  fragments  of 
ores  may  be  found  in  them:  yet,  fingle  and  feem- 
ingly  detached  mountains,  efpecially  in  fmall  iQands, 
have  been  found  metaUiferous ;  but  then  they  are 
regularly  ftratified,  and  fmall  iQands  themfelves  are 
frequently  eminent  parts  of  fubmarine  ranges  of  very 
cxtenfive  mountains. 

Mineralogifts.confider  thofe  mountains  as  moft 
metalliferous,  which  have  a  gentle  afcent,a  moderate 
height,  and  a  broad  bafis;  the  ftrata  of  which  are 
nearly  horizontal,  and  not  much  broken,  at  leaft  in 
fuch  mountains  the  veins  are  lefs  interrupted,  more 
extended,  and  confequently  more  valuable  to  mi- 
ners, than  thofe  in  high,  craggy,  irregular,  and  ftiat- 
tered  mountains. 

The  produce  of  thefe  veins  is  metaUic  ores. 
Metallic  ores  are  found  in  two  ftates,  viz.  firft, 
calciform,  and  fecondly,  combined  with  different  ex- 
traneous fubftances,  by  which  they  are  faid  to  be  mi- 
nerahzed.    The  calciform  ores,  are  metals  de- 
.  prived  of  their  metalhfing  principle,  viz.  phlogifton, 
.  ^  the  lapis  calaminaris,  which  is  an  ore  of  zinc, 

and 
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and  the  different  ochres  which  are  the  calces  of  iron. 
Thefe  ores  contain  a  confiderable  quantity  of  fixed 
air. 

The  mofl  common  mineralizers  are  fulphur,  ar- 
fenic,  the  vitriolic,  marine,  and  phofphoric  acids ; 
one  fpecies  of  iron  ore  appears  to  be  mineralized  by 
the  acid  of  PruITian  blue.  If  the  mjneraiizer  be  of 
a  faline  nature,  and  the  compound  foluble  in  lefs 
than  twenty  times  its  weight  in  water,  it  is  generally 
clafTed  among  the  falts.  There  have  been  fome 
mineralogifbs  who  have  excluded  arfenic  as  a  mine- 
ralizer,  alleging  that  it  is  a  metal  of  itfelf,  and  never 
united  to  other  metals  but  in  a  reguline  ftate,  there- 
fore that  the  compound  it  forms  fliould  rather  be 
•  called  an  alloy  than  an  ore;  butitmuft  be  obferved, 
that  as  metals  which  are  found  united  either  with  the 
calx  of  arfenic,  or  its  acid,  are  in  a  greater  or  lefs 
ftate  of  dephlogiflication,  it  ought  to  be  admitted 
as  a  mineralizer  in  the  flrifteft  fenfe  of  the  wordj 
particularly  as  no  fuch  union,  without  a  dephlogif- 
tication  of  the  metal  united,  has  ever  been  exhibited 
in  the  mineral  kingdom. 

Mineralifed  ores  are  divided  into  two  clafTes,  viz. 
firft,  fimple,  containing  only  one  metallic  fubflance; 
and  fecond,  compound,  which  contains  two  or  more 
metallic  fubflances. 

Of  the  fimple  and  compound  ores,  four  fpecies 
may  be  principally  difcriminated.    Firft,  ores  con- 

B  3  taining 
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taining  a  metallic  fubftance  mineralifed  by  fulphur, 
as  galena,  which  is  compofed  of  lead  and  fulphur. 
Secondly,  metallic  fubftances  mineralifed  by  fulphur 
and  arfenic,  as  fome  fpecies  of  pyrites.  Thirdly,  ores 
mineralifed  by  arfenic  only,  as  the  white  pyrites; 
and  Fourthly,  ores  mineralifed  by  faline  matters,  as 
the  native  vitriols. 

Gold  is  never  found  in  a  mineral  ftate,  as  it  is  in- 
capable of  forming  any  union  with  fulphur,  nor  can 
it  unite  with  arfenic  but  with  very  great  difficulty, 
and  then  muft  be  brought  into  a  ftate  of  fufion;  fo 
that  it  is  'always  found  either  native,  or  invifibly 
mixed  with  extraneous  matters.  It  has  never  been 
found  in  a  calciform  ftate.  There  are  at  prefent 
only  fix  fpecies  defcribed. 

SPECIES  I. 

This  is  found  feparate  in  fmall  lumps,  or  in  vifi- 
ble  grains  mixed  with  fand.  In  this  ftate  it  is  found 
in  France,  Africa,  Hungary,  &c.  If  i  oo  pounds  of 
,  fand  contain  24  grains  of  gold,  it  is  faid  that  the  fepa- 
ration  is  worth  attending  to.  The  African  gold  fand 
is  very  produftive,  5  pounds  of  which  frequendy 
contain  63  grains  of  gold,  or  even  more.  Attempts 
have  been  made  in  Hungary  to  extraft  it,  but  10,000 
pounds  of  that  fand  yielded  only  from  10  to  12 
grains  of  gold  J  confequcntly  the  working  of  it  was 
attended  with  a  great  lofs. 
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It  is  fometimes  found  embodied  in  fome  matrix, 
cither  in  a  granular,  foliated,  or  ramified  form,  in 
ftones  of  the  calcareous,  but  moft  commonly  of  the 
filiceous  genus. 

SPECIES  II. 
Mixed  with  yellow  or  martial  Pyrites. 
THUS  mixed  it  is  found  in  the  mine  of  AdeU 
'fors  in  Sweden.    Cronfted  obferves  that  loo  pounds 
of  this  ore  contain  but  one  ounce  of  gold,  and  that 
it  is  hardly  worth  extradling.    The  pyrites  is  of  a 
bright  yellow  colour,  clofe  and  compad.    It  has 
been  faid  that  this  ore  is  mineralifed  by  fulphur,  by 
the  medium  of  iron,  becaufe  it  can  not  be  extradled 
by  aqua  regia,  or  amalgamation;  but  though  Berg- 
man inclines  to  the  opinion  of  the  mineralization  of 
gold,  yet  he  is  candid  enough  to  own,  that  the  gold 
when  extradled  from  this  ore,  being  of  a  granular  or 
angular  form,  it  is  doubtful  whether  it  was  not  rather 
mixed,  than  truly  combined  with  the  fulphur  and 
Iron ;  more  efpecially.  as  the  quantity  of  gold  is  fo 
very  fmall,  that  the  fulphur  of  the  pyrites,  would 
not  only  defend  it  from  the  adion  of  the  aqua  regia, 
but  the  nitrous  acid  becomes  fo  phlogifticated  by 
afting  on  the  pyrites,  as  not  to  be  able  to  dephlogifti- 
cate  the  marine,  on  which  depends  its  power  of  dif- 
folving  gold.    Mercury  cannot  have  accefs  to  it, 
therefore  cannot  extradl  it. 

^  4  Pyrites 
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Pyrites  containing  gold  are  likewife  found  in 
Switzerland  and  Hungary  j  that  found  in  the  latter 
contains  five  ounces  of  gold  per  quintal.  The  gold 
mines  of  Norway  are  of  the  fame  nature  as  thofe  of 
Adeifors. 

SPECIES  III. 

Mixed  with  arjenical  Pyrites. 

FOUND  at  Salzbergh  in  Tyrole,  in  mountairft 
of  Quartz,  which  is  a  fpecies  of  the  filicious  genus 
of  earths.    The  quintal  affords  only  about  25  grains. 

SPECIES  IV. 
Mixed  with  a  white,  red,  or  vitreous  Silver  Ore. 
FOUND  near  CremnitZj  and  Schemnitz,  in  Hun- 
gary. 

SPECIES  V. 

Mixed  with  a  Julphurated  Ore  of  Silver y  Iron,  Lead, 
and  Manganeje. 

LATELY  found  at  Nagaya,  in  Tranfylvanla. 
It  confifts  of  fmall  dark  coloured  plates  of  more  or 
lefs  brightnefs,  inhering  in  quartz,  and  a  foft  whitifh 
fubftance,  which  Bergman  found  to  be  Manganefe. 
This  ore  is  faid  to  produce  ten  ounces  of  gold  per 
quintal,  befides  a  portion  of  filver, 
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SPECIES  VI. 
Mixed  with  fulphurated  Iron  and  Copper,  with  Man- 

ganeje. 

THIS  is  a  yellow  pyrites,  found  alfo  at  Nagaya  in 
which  gold  is  contained. 

In  Pern  gold  is  found  in  a  red  earth,  and  a  ftony 
matter  not  well  known  at  prefent: 

PLATINA  PRES. 

IF  there  be  any  ores  of  pl3,tina,  they  are  not  at 
prefent  known, 


SILVER  ORES. 

SILVER  is  generally  extrafted  from  ores  of 
which  there  are  many  fpecies. 

S  P  E  C  I  E  S  I, 

Mineralized  hy  Sulphur,  vitreous  Silver  Ore. 

IT  is  found  in  large  folid  lumps,  often  inhering 
in  the  different  kinds  of  earth,  of  a  lamellar,  granular, 
or  capillary  form,  or  in  a  cryftallized  ftate ;  it  ap- 
pears at  firft  of  a  lead  colour,  but  on  expofure  to  the 
air,  becomes  black  or  grey ;  its  laminae  are  flexible, 
du6lile,  and  fometimes  even  malleable  in  fome  de- 
gree, and  fo  foft  as  eafily  to  be  cut  with  a  knife.  It 

is 
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is  one  of  the  richeftof  the  filver  ores.  lOO  parts  con- 
taining from  72  to  77  of  filver. 

It  is  found  in  Hungary  near  Shemnitz,  and  in 
Saxony  near  Freyburghj  particularly  in  the  famous 
mine  of  Himmelsfurft. 

SPECIES  n. 
Mineralized  by  a  Jmall  Portion  of  Arjenic. 

THIS  ore  is  of  a  ftriated  texture,  refembling 
bifmuth,  but  much  harder,  of  a  yellowifli  white  co- 
lour, it  eafily  fufesj  and  if  kept  in  fufion,  the  arfenic 
is  diffipated,  and  the  filver  .reduced  in  nearly  a  pure 
ftatCi  but  it  fometimes  contains  a  fmall  portion  of 
iron. 

It  is  found  near  Quadanal  canal,  in  Spain,  and 
yields  about  90  per  cent,  of  filver. 

SPECIES  III. 

Mineralized  by  a  large  Portion  of  Arfenic, 

So  great  is  the  proportion  of  arfenic  in  this  ore, 
that  were  it  not  eafily  diffipated,  it  would  not  be 
clafTed  among  filver  ores,  as  the  quintal  contains  but 
from  four  to  fix  ounces.  It  is  foft,  and  eafily  cut, 
when  it  exhibits  a  brilliant  metallic  appearance. 

It  is  found  alfo  at  Quadanal  canal. 
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S  P  E  C  I  E  S  IV. 

Mineralized  by  Sulphur  and  Arjenic.  Red  Silver  Ore 
Is  a  heavy  fhining  fubftance,  either  tranfparent,  or 
opake,  moftly  of  a  crimfon,  or  reddifli  colour,  but 
fometimes  grey  or  blackifli  j  when  fcraped,  or  pow- 
dered, always  reddifli ;  found  in  fliapelefs  mafles,  or 
cryftallized  in  plated  or  radiated  incruftations,  or 
in  matrixes  of  quartz,  flint,  &c.  In  fire  it  crackles 
and  melts  after  it  has  acquired  a  red  heat,  with  an 
arfenical  fmell,  and  detonates  with  nitre. 

Bergman  found  I  oo  grains  of  it  to  contain  60  of 
filver,  27  of  arfenic,  and  1 3  of  fulphur. 

The  darkeft:  ores  of  this  fpecies  are  the  richefl;, 
and  the  yellowefl:  are  the  poorefl:. 

SPECIES  V. 

Mineralized  hy  Sulphur ^  and  a  very  fmall  Portion  of 
Jrjenic  and  Iron.    Black  Silver  Ore. . 

IT  is  either  of  a  folid  and  brittle  confifl:ence,  which 
difliinguiflies  it  from  the  vitreous  ore,  and  of  a  glafly 
appearance  in  its  fradure  when  recent,  or  of  a  loofer 
texture,  and  footy  or  deep  black  colour,  like  mols 
or  thin  leaves  lying  on  the  furface  of  other  filver  ores, 
or  of  thofe  of  lead  or  cobalt,  or  in  clays,  &c.  It  con- 
tains from  25  to  60  per  cent,  of  filver,  and  is  found 
in  Dauphine,  Hungary,  and  Saxony. 


SPECIES 
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SPECIES  VI, 
Mineralized  hy  Arjenicy  and  containing  a  large  Portion 
of  Iron.    ArJenicaUmartial  Silver  Ore. 
jyilNERALOGISTS  do  not  well  ^gree  about 
the  ore  to  which  this  denomination  belongs.  Ac- 
cording to  Monnet,  who  has  attended  to  the  divifion 
of  "ores  moft  accurately^  this  ore  is  a  hard  fubftance, 
and  of  a  compaft  lamellar,  or  fibrous  texture,  the 
brighteft  is  the  pooreft  in  filverj  the  .richeft  gives 
only  lo  per  cent,  the  pooreft  6  or  8.    It  contains  no 
fulphur,  hence  Mopnet  calls  it  a  metallic  regulus, 
not  confidering  .that  the  iron  is  in  a  calcined  ftate, 
which  proves  that  arfenic  is  a  true  mineralizer.  The 
arfenic  is  always  predominant. 

It  is  found  in  Saxony,  the  Hartz,  at  Quadanal 
eanal,  &c. 

SPECIES  VII. 
Mineralized  hy  Arfenic  and  Sulphur,  with  a  fmall  Por- 
tion of  Goffer  i  and  a  fill fmaller  of  Iron.  White  Silver 
Ore 

IS  a  heavy,  foft,  opake  fubftance,  fine  grained  or 
fcaly,  bright  and  fhining  in  its  fradures,  of  a  whitifli, 
fteely,  or  lead  colour ;  fometimes  cryftallized  in  py- 
ramidical  or  cylindrical  forms,  or  refembling  mofs, 
or  in  the  form  of  thin  laminae  incruftating  other  bo- 
dies, found  in  quartz,  fparry  iron  ore,  &c.  It  is 
very  fiafible,  and  contains  from  lo  to  30  per  cent,  of 
filver. 

SPECIES 
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SPECIES  VIII. 
Mineralized  hy  Arjenic  and  Sulphury  with  a  large  Por- 
tion of  Coffer y  andfome  Iron.  Grey  Silver  Ore. 
THIS  is  a  hard,  grey,  or  dark  grey  fubftance, 
more  or  lefs  brilliant,-  fometimes  cryftallized,  but 
moftly  amorphous,  and  is  in  fact  the  grey  copper 
ore  hereafter  to  be  mentioned,  impregnated  with  fil- 
ver, and  varies  much  in  its  contents;  containing 
from  I  to  1 2  per  ceht.  of  filver,  and  from  1 2  to  24  of 
copper,  the  remainder  being  fulphur,  arfenic,  and  a 
little  iron;  the  richer  it  is  in  copper  the  poorer  in 
filver,  and  reciprocally.  Mr.  Monnet  remarks,  that 
wherever  copper  is  united  to  arfenic,  filver  is  alfo 
found.  It  is  the  commoneft  of  all  the  filver  ores; 
the  grey  filver  ore  of  Dal  in  Sweden,  contains  alfo 
regulus  of  antimony,  but  this  belongs  to  the  next 
Ipecies. 

SPECIES  IX. 
Mineralized  hy  Arfenic  and  Sulfhur,  with  Copper  ^  Iron, 
and  Regulus  of  Antimony.    Brown  Silver  Ore. 
It  is  moftly  of  a  reddifli  brown,  fometimes  dark 
grey,   frequendy  found  cryftallized  in  pyramids, 
but  chiefly  amorphous.    When  fcraped  it  appears 
red;  it  contains  from  i  to  5  percent,  of  filver,  the 
greateft  part  is  copper,  and  tlie  next  arfenic. 
It  is  found  in  Sweden,  Germany,  and  Spain. 

SPECIES 
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S  P  E  C  I  E  S  X. 

Mineralized  by  Sulphur  and  Arjenic,  with  Iron  and  Re^ 
gulus  of  Antimony.    Plumoje  Silver  Ore. 

THIS  ore  varies  with  refped  to  colour,  from  a 
dull  wliite,  to  grey,  dark  blue,  brown,  or  black.  It 
is  found  in  a  capillary  form,  or  like  wool,  fometimes 
Joofe,  atodier  times  attached;  its  filaments  are  rigid 
and  inflexible,  the  whiter  it  is  the  richer,  but  it  feldonfi 
contains  even  i  per  cent,  of  filver. 

It  is  found  in  Saxony. 

SPECIES  XI. 
Mineralized  hy  Sulphur  and  Arjenic,  with  Cobalt  and 
Iron,    Cobaltic  Silver  Ore. 

IT  is  diftinguifhed  by  rofe-coloyred  particles  of 
cobalt,  difperfed  through  a  dark,  brown,  blackifh,  or 
grey,  and  fomewhat  Ihining  folid  mafs. 

It  is  found  in  Saxony,  and  at  Allemont  in  Dau- 
phine.  It  contains  about  40  or  50  per  cent,  of  filver, 
and  very  little  cobalt.  The,  arfenic  is  in  an  .  acid 
ftate  in  union  with  the  cobalt. 

SPECIES  XII. 
Mineralized  by  Sulphur^  withRegulus  of  Antimony  and 
Barytes.    Butter-milk  Ore. 
It  appears  in  the  form  of  thin  pellicles  on  granu- 
lar fpar. 

SPECIES 
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SPECIES  XIIL 

Combtijiible  Silver  Ore, 

■  THIS  is  black  and  brittle,  and  leaves  about  6  per 
cent,  in  its  aflies.  It  is  a  coal  in  which  filver  is  found. 

SPECIES  XIV. 

Mineralized  by  the  vitriolic  and  marine  Acids  with  a 
little  Iron,  and  Jometimes  with  a  Mixture  of  the  vi- 
treous Ore.    Corneous ^Silver  Ore.  . 

THIS  fcarceand  valuable  ore  is  of  a  white,  grey, 
pearly,  or  yellow,  green,  brown,  purple  or  black  co- 
lour j  cryftallized  in  a  cubic  form,  fometimes  re- 
fembling  an  earth,  eafily  fufible  without  fmoke.  It 
is  found  in  Saxony,  Bohemia,  St.  Marie  aux  Mines, 
Siberia  and  Peru,  and  fliould  contain  70  per  cent,  of 
filver  at  leaft,  if  unconne6ted  with  iron. 

■ 

UNCERTAIN  MINERALIZATIONS. 

SPECIES  XV. 
Gooje-dung  Ore, 
THIS  Is  of  a  greenifh  colour,  mixed  with  yel- 
low and  red;  it  is  faid  to  contain  about  6  per  cent, 
of  filver.    Some  think  it  a  mixture  of  red  filver 
ore,  and  calx  of  nickel. 
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SPECIES  XVI. 
Foltaceous  Silver  Ore. 
ITS  colour  is  mortdore,  and  thought  by  fome  to 
be  native  filver,  by  others  a  mixture  of  galena,  ochre, 
and  filver.  It  is  found  in  mountain  cork,  and  is  fo 
very  light  that  it  fwims  on  water,  and  contains  but 
one  ounce  per  quintal  of  filver. 

SPECIES  XVII. 

Mineralized  hy  Sulphury  ArJeniCy  and  Bijmuth. 
SUCH  ores  have  been  talked  of,  but  their  exift- 
cnce  has  not  as  yet  been  proved. 


COPPER  ORES. 

COPPER  Ores  may  be  diftinguifhed  in  general, 
by  dio-eftingthemin  fluid  volatile  alkali,  after  diey 
have  been  roafted,  which  acquires  a  blue  colour 
from  copper;  before  the  mineralizing  matters  are 
diffipatedby  fire,  it  is  poffible  tliat  arfenic  may  pre- 
vent that  effeft,  or  even  fulphur,  if  it  be  in  a  fufRcient 
quantity. 

There  is  a  great  variety  of  copper  ores,  as. 
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SPECIES  I. 

Ciildfcrm  Ores,  of  which  there  are  three  Varieties. 

I.  THIS  is  found  of  a  red  or  brown  colour^ 
in  a  loofe  fbrnnf^  when  it  is  called  copper  ochi  e ;  in 
general  it  is  moderately  hard,  yet  brittle,  fometimes 
GFyftallizsd  and  franfpareM,  in  cubes,  pfifms,  &c. 
It  is  found  in  England,  Scotland,-  Germany,  &g, 
iQiQ  pares  contain  73  of  copper,  26  of  fixed  air,  and 
I  of  water. 

The  brown  contains  various  portions  of  iron  or 
pyrites,  and  fom.etimes  fulphurated  copper,  and  af- 
fords from  20  to  50  per  cent,  of  copper. 

II.  Mountain  green,  or  malachite.  It  has  the  ap- 
pe Stance  of  green  jafper  but  not  quite  fo  hard,  as  it 
does  not  firlke  fire  with  fceel.  It  is  of  a  radiated  or 
equable  texture,  of  an  oval  form  in  general,  about 
the  fize  of  an  egg  j  fometimes  it  forms  capillary  fila- 
ments. It  is  found  in  Norway,  Siberia,  &c.  100 parts 
contain  7  5  of  copper,  and  25  of  aerial  acid  and  water. 

III.  Mountain  blue.  This  moft  frequently  ap- 
pears in  a  loofe  form,  but  fometimes  indurated,  and 
even  cryftallized,  but  it  is  then  mixed  with  quartz, 
loo  parts  contain  about  69  of  copper,  29  of  aerial 
acid,  and  2  of  water. 

SPECIES  11. 
ANALOGOUS'  to  the  calciform  ores  are  the 
cupreous  ftones,  turquoife,  and  lapis  armenus. 

C  The 
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The  turquoife  is  the  tooth  of  an  animal  penetrated 
with  the  blue  calx  of  copper :  when  heated  it  lofes 
its  colour;  it  is  opake,  of  a  lamellar  texture,  and 
fufceptible  of  a  fine  polifh.  Some  are  of  a  deep 
blue,  others  of  a  whitifhbluej  becoming  deeper  when 
heated.    It  is  found  in  Perfia  and  Languedoc. 

The  lapis  armenus,  is  another  blue  ftone,  but  does 
not  admit  of  any  polifh,  confifting  of  calcareous 
earth  or  gypfum,  penetrated  with  a  blue  calx  of  cop- 
per.   It  never  gives  fire  with  fteel. 

SPECIES  III. 
Mineralized  hy  Sulphur,  with  fear  ce  any  Iron.  Vitreous 

Copper  Ore. 

IT  is  of  a  red,  brown,  blue,  or  violet  colour,  ge- 
nerally fo  foft  as  to  be  cut  with  a  knife  j  it  is  fome- 
times  cryllallized  in  regular  figures,  and  fometimes 
amorphous,  more  fufible  than  pure  copper,  and 
found  in  mines  of  other  copper  ores,  in  hme-ftone, 
fpar,  quartz,  clay,  &c.  It  is  the  richeft  of  all  the 
copper  ores,  yielding  from  80  to  90  per  cent,  of 
copper.    The  red  ores  are  the  pooreft. . 

S  P  E  C  I  E  S  IV. 

Mineralized  by  Sulphur,  with  10  or  30  per  cent,  of 
Iron.  Azure  Copper  Ore. 
THIS  differs  from  the  foregoing,  only  in  con- 
taining more  iron.  It  confifts  of  various  fhades  of 
blue,  or  reddlfh  blue;  it  is  as  hard,  and  more  britde, 
and  contains  from  40  to  60  per  cent,  of  copper, 

^  from 
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from  20  to  30  of  iron,  and  the  remainder  fulphur; 
the  poorer  it  is  in  iron,  the  richer  in  copper.  This 
fpecies  has  been  confounded  with  the  indurated 
mountain  blue. 

SPECIES  V. 

Mineralized  hy  Sulphur,  with  a  large  Portion  of  Iron, 
Yellow  Copper  Ore;  yellow  Pyrites. 
ITS  colour  varies,  of  a  yellow,  or  yellow  mixed 
with  red  or  green,  or  variegated  like  a  pigeon's  neck; 
It  is  moderately  hard,  but  does  not  give  fire  with 
fteelfo  readily  as  other  pyrites  do;  its  frafture  pre- 
rents  fharp fragments;  it  is  fomedmes  eryftallized, 
and  fometimes  amorphous.    It  occurs  in  feparate 
mafles,  and  embodied  in  ftones,  and  is  the  com- 
moneft  of  all  copper  ores. 

Thecryftallifed  fort  is  thepooreftin  copper,  con- 
mining  only  from  4  to  8  per  cent,  the  greenifh  yellow 
contains  from  15  to  20  per  cent,  of  copper,  the  pure 
yeUow  contains  from  20  to  30  per  cent,  and  is  the 
ncheft  of  this  fpecies. 

s  P  E  c  I  E  S  VI. 
■Mineralized  hy  Sulphur  and  Arjenic,  with  a  little  Iron, 
Arjenical  or  grey  Copper  Ore. 
THIS  is  of  a  white,  grey,  or  brown  colour,  mo- 
derately hard  very  brittle,  fomedmes  eryftallized, 
often  ofan  indeterminate  figure,  and  very  difficul 
of  fufion:  It  contains  from  35  to  60  per  cent,  of 
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copper.  The  brown  is  the  richeft  in  copper;  the 
white  and  grey  contain  moft  arfenic.  It  frequently 
contains  filver,  and  if  this  exceed  i  or  i  per  cent,  it 
is  called  grey  filver  ore.  It  is  found  embodied  in 
all  forts  of  ftones,  and  mixed  with  other  copper  ores, 
as  well  as  with  the  ores  of  other  metals. 

SPECIES  VII. 

Mineralized  by  Sulphur  and.Jrfenic,  with  Zinc  and 
Iron.    Blendoje  Copper  Ore. 
THIS  fpecies  has  only  been  met  with  at  Ca- 
tharineburg,  in  Bohemia;  it  is  of  a  brown  colour,  of 
a  hard,  folid,  and  compaft  texture.  It  contains  from 
18  to  30  per  cent,  of  copper. 

SPECIES  VIII. 

Argillaceous  Shipje,  or  Jlaty  Copper  Ore. 
THIS  ore  appears  to  confift  of  the  vitreous  cop- 
per ore  intimately  combined  with  Ihiftus,  and  not 
barely  difperfed  through  it  in  vifible  particles.  It  is 
of  a  brown  or  black  colour,  very  heavy,  and  of  a 
lamellar  texture.  It  is  of  difficult  fofion,  yields  from 
6  to  10  per  cent,  of  copper,  and  contains  a  little  bi- 
tumen, calcareous  earth,  and  iron. 

SPECIES  IX. 

Bituminous  Copper  Ore. 
-    IT  is  faid  to  be  found  in  Sweden ;  it  is  a  fpecies  of 
coal,  which  gives  little  or  no  flame,  but  from  whole 
alhes  copper  is  extra^ed.  SPECIES 
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SPECIES  X. 

Mineralized  by  the  Vitriolic,  or  Marine  Mids.  Ro^ 
man  Vitriol,  or  native  blue  Vitriol. 

VITRIOL  of  copper  rarely  occurs  cryftallized,  but 
is  often  found  naturally  diffolved  in  water  in  Hun- 
gary, Sweden,  and  Ireland.  loo  parts  of  vitriol  of 
copper  contain  27  of  copper,  43  of  water,  and  30  of 
acid. 

The  marine  fait  of  copper  has  been  found  in  the 
mine  of  Johngeorgenftadt,  in  Saxony.  It  is  of  a 
greenifli  colour,  of  a  foliated  texture  j  moderately 
hard,  and  fometimes  tranfparent  and  cryftallized. 
It  was  taken  for  a  fort  of  Mica;  but  Bergman 
found  it  to  confift  of  copper,  and  the  marine  acid, 
with  a  litde  argillaceous  earth. 


IRON  ORES. 

THE  bafis  of  the  calciform  ores  is  either  the 
black,  or  blackifti  brown  calx  of  iron,  which  is  in 
fome  meafure  phlogillicated  and  magnenc,  or  the 
red  calx  of  iron,  which  is  more  dephlogifticated, 
and  not  magnetic  before  torrefaaion. 
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SPECIES  I. 
BroiM  calx  of  Iron,  mixed  with  Iron  in  its  metallic 
State.    Steel  Ore. 

IT  is  of  a  dark  colour,  folid,  compa6l,  and  fhin- 
ing  in  its  frafture,  fcarcely  gives  fire  with  fteelj 
gives  a  black  powder,  is  magnetic,  and  in  fome  de- 
gree malleable  when  red  hot.  It  yields  from  60  to' 
80  of  good  iron,  and  is  found  at  Adelfors,  and  Dan- 
nemora,  in  Sweden  j  alfo  in  the  ifle  of  Elbe,  and 
North  America. 

Cryftallized  iron  ore  in  an  oftohsedral  or  cubic 
form  belongs  to  this  fpecies. 

SPECIES  II. 
Magnet. 

THIS  differs  litde  in  its  appearance  from  the 
preceding  ore,  but  has  lefs  luftre,  it  i§  either  coarfe 
or  fine  grained,  the  coarfe  lofes  its  power  fooneit 
It  feems  to  contain  a  fmall  quantity  of  fulphur,  as  it 
fmells  of  it  when  red  hot.  It  is  probable  that  it  contains 
more  particles  of  iron  in  its  metallic  form  than  the 
preceding  ore,  but  it  is  often  contaminated  with  ^ 
mixture  of  quartz  and  argill.  It  is  poiTible  it  may 
contain  nickel,  for  this,  when  purified  to  a  certain 
degree,  becomes  magnetic.  This  ore  has  not  as  yet 
been  properly  examined. 
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SPECIES  III. 

Brown  Calx  of  Iron^  combined  tvith  Plumbago. 
THIS  confifts  of  " black  fhining  fcales,  more  or 
lefs  magnetic.    Rinman  found  it  to  confift  of  plum- 
bago, and  26  per.  cent,  of  iron. 

SPECIES  IV. 
Brown  Calx  of  Iron  united  with -the  white  Calx  of 
ManganefSy  and  mild  calcareous  Earth  in  various 
Proportions.    White  or  fparry  Iron  Ore. 

ITS  colour  when  frefh  dug  is  whitifh,  but  from 
expofure  to  air,  it  becomes  grey,  then  brown,  and  at 
laft  reddilh,  yellowifh,  or  black.  Its  fhapc  is  either 
amorphous,  or  rhomboidal;  it  is  frequently  tranfpa- 
rent;  its  texture  lamellar,  fcaly,  granular  or  cellular; 
fometimes  it  affumes  a  ftala6titical  form,  and  fome- 
times  it  is  found  in  a  powdery  ftate,  and  is  then  of  a 
brown  blackifh  colour;  is  frequently  interfperfed 
with  quartz  and  pyrites,  &c.  and  does  not  give  fire 
with  fteel  unlefs  thefe  foreign  fubftances  are  ftruck. 
It  is  fcarce  ever  magnetic  before  roafting,  but  if 
heatedj  decrepitates,  grows  black,  becomes  magne- 
tic, and  lofes  from  1 5  to  40  per  cent,  of  its  weight. 
100  parts  of  this  ore  from  Eifenartz,  in  Steria,  afford, 
according  to  Bergman,  38  of  the  brown  calx  of  iron, 
24  of  the  white  calx  of  manganefe,  and  38  of  mild 
calcareous  earth.    Another  fort  from  Weft  Silvret- 

C  4  berg, 
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berg,  contains  22  of  the  brown  calx  of  iron,  28  of 
the  white  calx  of  manganefe,  and  50  of  mild  calca- 
reous earth. 

SPECIES  V. 
Magnetic  Sand. 
THAT  of  Virginia  is  of  this  fort.    It  is  of  a 
black  colour,  and  contains  about  half  its  weight  of 
iron;    Its  compofition  has  not  yet  been  difcovered. 

SPECIES  VI. 
Red  Calx  of  Iron  indurated^  and  combined  tvith  a  little 
Argilly  and  frequently  with  Manganefe.  Hcvmatites, 

IT  is  generally  of  a  red,  yellow,  purple,  or  brown 
colour,  of  a  metallic  luftre,  and  very  hard,  though 
feldom  fo  hard  as  to  give  fire  with  fteel.  When 
fcratched  it  fhews  a  red  trace,  it  is  not  magnetic 
before  roafdng,  but  by  that  heat  it  becomes  black  and 
magnetic;  its  ftrufture  is  either  foHd,  granular, 
fcaly,  or  fibrous ;  it  occurs  either  in  fliapelefs  maffes, 
or  in  a  ftala6litical  form.,  or  even  cryftallized  in  re- 
gular forms 'according  to  Gmelin,  though  Mr.  De- 
lifle  denies  it.  In  fome  places  it  forms,  whole 
mountains,  and  contains  from  40  to  80  per  cent,  of 
iron.  Gerhard  found  it  to  contain  argill,  and  Hielm 
manganefe.  This  fpecies  of  iron  ore,  when  ground 
into  a  convenient  fliape,  and  finely  pohfhed,  is  ufed  for 
byrnifliing,  and  is  called  by  ardfts  burnilhing  ftone. 

SPECIES 
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SPECIES  vn. 

Haematites  in  a  looje  Form,  mixed  zvith  a  notable  Pro- 
portion of  JrgilL  Hcematitical  yelloiVy  rcdy  (ind 
brown  Ochres. 

OCHRES  are  diftinguifhed  from  clays,  by  con- 
taining a  large  proportion  of  martial  particles.  Thofe 
that  become  brown  by  calcination,  and  alfo  magne- 
tic, belong  to  this  fpecies;  fometimes  the  ferruginous 
particles  are  mixed  with  arglll  and  calcareous  earth, 
and  then  thefe  ochres  effervefce  with  acids. 

SPECIES  VIII. 

Red  Calx  of  Iron  combined  with  Plumbago. 
THIS  differs  from  the  black  in  this,  that  it  is 
not  magnetic  before  torrefadion. 

SPECIES  IX. 
Red  Calx  of  Iron,  mixed  with  a  fmall  Proportion  of  the 
brown  and  indurated.  l!orflen. 

THIS  is  of  a  bright,  bluilh  black,  or  yellowifli 
grey  colour,  and  fibrous  texture,  fliewing  a  red  trace 
when  fcratched,  and  is  weakly  magnetic  before  tor- 
refadion.  According  to  Rinman  it  is  lefs  dephlo- 
gifticated  than  haematites. 


SPECIES 


CHEMICAL  PRINCIPLES  OF 


SPECIES  X. 
Emery. 

THIS  feems  to  be  a  mixture  of  the  red  and  white 
calces  of  iron,  with  fome  unknown  ftony  fubftance. 
It  fcarcely  yields  in  hardnefs  to  any  fubftance  except 
diamond;  the  beft  fort  is  of  a  dark  grey  colour,  but 
becomes  brown  and  magnetic  by  torrefaftion;  other 
forts  are  of  a  reddifli  rufty  white,  or  yellowifh  co- 
lour; it  is  never  ufed  as  an  iron  ore,  nor  is  its  pro- 
portion of  iron  well  known.  It  is  much  ufed  in  the 
arts  for  polifhing;  it  is  fold  in  two  ftates,  the  corn 
emery,  and  the  powdered  emery;  the  latter  differs 
from  the  former  only  in  being  finer  pulverifed,  and 
paffed  through  a  fine  fieve.  The  firft  is  ufed  for 
rough  pohlhing,  and  the  fecond  for  finifhing. 

SPECIES  XL 

Red  Calx  of  Iron  united  with  the  phojphoric  Acid, 
Grey  Iron  Ore. 

THIS  has  a  fhining  metallic  appearance,  and 
commonly  gives  fire  with  fteel;  it  is  not  the  leaft 
magnetic,  and  when  fcratched  fhews  a  red  trace.  It 
yields  from  40  to  66  per  cent,  of  coldlhort  iron. 
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SPECIES  xn. 

Argillaceous  Iron  Ores. 
OF  thefe  we  may  diftinguifli  two  principal  va- 
rieties, viz.  thofe  found  in  mountains  and  high  lands, 
and  thofe  found  in  fwampy  or  low  lands  overflown 
with  water.  Both  are  deftitute  of  metallic  luftre, 
but  very  weighty,  and  fome  of  them  when  dry  ab- 
forb  water  like  clays. 

VARIETY  I. 

High  Land  argillaceous  Ores. 
THESE  are  yellow,  red,  brown,  or  greyilh,  in- 
durated and  friable,  or  loofe  and  powdery,  or  in 
grains.  They  confifl:  chiefly  of  the  red  or  yellow 
calx  of  iron,  or  of  the  grey  iron  ore,  or  toi-flien  in  a 
loofe  form,  mixed  with  clay,  and  confequently  often 
containing  manganefe  or  fiderite;  and  fome,  parti- 
cularly in  France,  and  the  neighbourhood  of  Liege, 
are  faid  to  contain  the  calx  of  zinc.  Hence  there  is 
a  great  variety  of  them,  and  confequently  their  qua- 
lities muft  alfo  be  very  difl^erent. 

Horne-ftone  overloaded  with  iron,  belongs  to  this 
fpecies,  and  Rinman  mentions  an  iron  ore  found  in 
Kent  of  this  fpecies,  which  affords  about  47  per 
cent,  of  brittle  iron. 

This  variety  never  obeys  the  magnet  before, 
and  very  rarely  after  torrefaftion. 

VARIETY 
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VARIETY  11, 

Swampy  argillaceous  Ores. 
WHEN  dry  this  ore  is  friable,  ^and  brown  or 
brownifii  black,  and  appears  either  in  lumps,  or  of 
an  irregular  fhape,  or  in  round  balls  porous  or  folid; 
or  in  flat  round  pieces,  or  in  grains,  and  fometimes 
in  flendcr  triangular  prifms  parallel  to  each  other, 
and  very  brittle.  It  becomes  magnetic  by  torre- 
fadion,  and  the  crude  ore  affords  about  36  per  cent, 
ofregulus,  and  after  calcination  about  50  per  cent. 
The  iron  procured  from  it  is  cold  fliort,  at  leaft  in 
Sweden. 

Hielm  has  found  fome  forts  of  it  to  contain  28 
per  cent,  of  manganefe. 

SPECIES  XIIL 
Red  Calcareous  Iron  Ore. 

THIS  is  found  in  a  loofe  form  in  many  parts  of 
England,  and  is  ufed  as  a  pigment. 

SPECIES  XIV. 
Siliceous  Iron  Ore. 
BESIDES  jafper,  garnet,  and  trapp,  overloaded 
with,  iron,  there  is  found,  principally  in  France,  a 
black,  heavy,  unmagnetic  fand,  of  the  filiceous  kind, 
-  which  is  faid  to  contain  iron  and  zinc  in  great  quan- 
tity. 

Baron 
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Baron  Born,  in  his  letters  from  Hungary,  mentions 
a  blue  cryftallized  iron  ore,  which  he  fays  is  a  Ihoerl 
overloaded  with  iron. 

SPECIES  XV. 
Muriatic  Iron  Ore. 
SERPENTINE,  overloaded  with  iron,  forms 
this  fpecies,  but  is  feldom  worked. 

SPECIES  XVI. 
Martial  Calamine. 
.  CALAMINE  is  properly  an  ore  of  zinc,  but 
fometimes  it  contains  fo  large  a  portion  of  iron,  as 
to  be  worked  with  a  view  of  obtaining  this  metal. 
It  contains  quartz  and  clay,  is  of  a  yellow,,  jed,  or 
brown  colour,  and  moderately  hard. 

SPECIES  XVII. 
Martial  Pyrites. 
THESE  are  ftony  concretions  of  fulphur,  clay, 
and  cak  of  iron,  fo  hard  as  to  give  fire  with  fteel. 
There  are  two  principal  varieties  of  them. 

VARIETY  I. 

Pale  yellow  Pyrites. 
SOMETIMES  grey,  of  a  globular  or  cubic 
form;  it  ftrikes  fire  with  fteel,  but  in  the  fire  is  very 
infufible.    It  contains  from  1-6  to  1-3  of  fulphur, 
from  1-8  to  5-8  of  iron,  the  remainder  clay  and 

filex ; 

4 


50  CHEMICAL  PRINCIPLES  OF 

fiJexj  the  three  firft  intimately  combined  with  each 
other,  and  the  iron  in  a  femi-phlogifticated  ftate. 
Some  pyrites  inftead  of  clay,  contain  calcareous^ 
earth,  thefe  are  common  in  France,  and  the  iron  in 
them  is  in  a  dephlogifticated  ftate. 

VARIETY  II. 

Brown,  or  reddiJJo  brown  Pyrites. 
IT  is  generally  of  a  fphericai  fhape,  or  cryftal- 
lized  in  cubic,  rhomboidal,  or  other  forms,  and  is  de- 
void of  metallic  luftre;  it  difficultly  gives  fire  with 
fteel,  and  contains  very  little  fulphur,  but  much 
more  iron  than  the  yellow  pyrites.  It  is  fometimes 
magnetic  before,  but  always  after  torrefadlion.  It 
fometimes  contains  calcareous  earth.  The  iron  it 
affords  is  very  brittle. 

SPECIES  XVIII. 

Mineralized  with  Sulphur  and  Arjenic,  white^  grey,  or 
hluijhgrey  Pyrites,  or  Marcajfite. 
IT  is  found  either  in  folid  compa6b  maffcs  of  a 
moderate  fize,  or  in  grains,  it  gives  fire  with  fteel; 
when  burnt,  it  gives  a  blue  flame,  and  an  arfenical 
fmell,  and  by  diftillation,  orpiment,  or  realgar;  it  is 
not  magnetic  either  before  or  after  torrefadtion.  It 
contains  more  arfenic  than  fulphur. 
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SPECIES  XIX. 

Mineralized  by  Arjenic.  Mijfickle. 
IT  is  of  a  bright  white,  refembling  a  mixture  of 
filver  and  tin,  and  unalterable  by  expofure  to  air.  Its 
form  either  granular,  prifmatic,  rhomboidal,  &c.  It 
is  neither  magnetic  before  nor  after  torrefadion ;  it 
affords  arfenic  by  diftillation  in  the  proportion  of  30 
or  40  per  cent,  and  fo  me  times  contains  a  little  cop- 
per and  filver  j  it  is  frequently  mixed  with  other  me- 
tallic ores,  and  often  found  in  indurated  clay,  quartz, 
Ipar,  &c.  Whenever  iron  contains  lefs  than  1-16  of 
arfenic,  it  is  magnetic. 

SPECIES  XX. 

Combufiible  Iron  Ore. 

CRONSTED  mentions  two  varieties  of  this 
kind ;  one  of  which  the  greater  part  is  volatile,  in  a 
ftrong  heat  long  continued,  and  feems  to  contain  iron, 
plumbago,  and  coal  intimately  mixed.  The  other 
burns  with  a  languid  flame,  lofes  about  1-5  of  its 
weight,  refembles  pit  coal,  but  is  fomewhat  harder, 
and  yields  about  30  per  cent,  of  iron. 

SPECIES  XXI. 
Native  green  Vitriol ^  Copperas.    Mineralized,  by  the 
vitriolic  Acid. 

IT  is  frequently  found  native  in  coal-mines,  in 
cavities  of  pyritaceous  mines,  or  In  fliidus;  it  is 

alfo 
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alio  found  in  fmall  round  ftones,  called  ink-ftone,  of 
a  white,  red,  grey,  yellow,  or  black  colourj  foluble 
in  water,  and  containing  a  portion  of  copper  and 
zinc. 

UNCERTAIN  MINERALIZATIONS. 

SPECIES  XXII. 

Iron  Blende. 

THIS  is  a  ftone  of  a  grey  iron  colour,  formed  of 
direrging  lamina,  of  great  hardnefs,.  and  a  mecallic 
appearance,  and  infufible  in  the  ftrongeft  fire.  Sorrie- 
times  it  contains  arfenic,  in  this  cafe,,  it  blackens  by 
expofure  to  the  air. 

SPECIES  xxi  n  . 
Wolfram. 

THIS  flone,  which  is  generally  found  in  tin  mines', 
is  of  a  black  or  brown  fnining  colour,  of  a  radiated 
or  foliated  texture,  of  a  moderate  hardnefs,  and  fome- 
times  fo  brittle,  as  to  be  eafily  broken  between  the 
fingers ;  when  fcratched  it  fhews  a  red  trace,  which 
diftinguifhes  it  from  tungften.  According  to 
Lehman,  it  confifts  of  filiceous  earth,  calx  of  iron, 
and  a  fmall  portion  of  calx  of  tin.  The  nature  of 
this  fubftance  is  ftill  fomewhat  bbfcure,  but  upon 
the  whole  it  appears  to  be  an  ore  of  manganefe,  mi- 
neralifed  by  the  tungftenic  acid  j  for,  from  a  flcilful 

analyiis 
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analyfis  of  MeiT.  de  Luyart,  the  following  confti- 
tuent  parts  were  obtained. 

Yellow  earth  of  tungfhen  65  parts 

Manganefe     -    -    -    -  22 

Calx  of  iron   -    -    -    -  131 

Quartz  and  tin     -    -    -  2 

SPECIES  XXIV. 
Native  TruJJian  Blue. 

IT  confifts  of  clay,  mixed  with  iron  and  fome 
unknown  tinged  fubftance ;  generally  found  in  bogs 
or  fwampy  grounds;  it  is  at  firft  white,  but  on  ex- 
pofuretoair  becomes  bluej  by  heat  it  turns  green, 
emits  a  flight  flame,  and  becomes  magnetic.  The 
earth  of  Beuthnitz,  in  Silefia,  mentioned  in  the  me- 
moirs of  Berlin  for  1757,  belongs  to  this  Ipecies, 
and  contains  about  1-4  of  its  weight  of  iron. 

SPECIES  XXV. 

Green  Earth  of  Verona^  in  Normandy.  Terre  Verte, 

IT  is  ufed  as  a  pigment,  and  contains  iron  in 
fome  unknown  fl:ate,  mixed  with  clay,,  and  fome- 
times  chalk  and  pyrites.  It  is  faid  to  afford  about 
40  per  cent,  of  iron;  alum  and  felenite  are  fometimes 
accidentally  found  with  it.  It  is  .  not  magnetic  be- 
fore torrefaftion,  and  becomes  of  a  coffee-colour 
when  heated. 
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T  I  N    O  R  E  S. 

S  P  E  C  I  E  S  I. 
Calciform  Ores. 
THESE  ores -are  remarkable  for  their  great 
weight,  they  are  reduced  to  four  varieties. 

VARIETY  I. 
^in  Spar,  or  white  'Tin  Ore. 
IT  is  generally  of  a  white  or  grey  colour,  fome- 
times  greenifli  or  yellowifli,  femi-tranfparent,  or 
cryftallized  in  a  pyramidical  forrn,  or  irregularly. 
It  was  formerly  thought  to  contain  arfenic,  but  Mar- 
graaf  found  it  the  pureft  of  all  tin  ores.  It  fome- 
times  contains  a  mixture  of  calcareous  earth. 

V  A  R  I  E  T  Y  IL 
Opake,  hrown,  or  black  Tin  Ore. 

THIS  is  alfo  cryftallized  and  imbodied  in  a 
ftony  matrix  of  quartz,  fluor  or  mica,  or  mixed  with 
white  or  yellow  pyrites  or  in  ores  of  lead,  zinc,  co- 
balt, bifmuth,  or  iron.  The  black  are  reckoned 
the  richeft,  and  afford  about  80  per  cent,  of  tin; 
.they  all  contain  a  mixture  of  iron. 

When  any  arfenic  is  found  in  tin,  it  proceeds 
from  the  matrix,  for  tin  itfelf  is  never  mineralized 
by  it;  and  for  the  fame  reafon  zinc  is  fometimes 
fpmid  in  tin. 

VARIETY 
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VARIETY  III. 

Reddijhy  or  reddijh  yellow  'Tin  Ore,  garnet  Tin  Ore. 
THIS  confifts  of  fmall  cryftals,  femi-tranfparent 
or  opake;  fometimes  it  is  found  of  a  fpherical  form, 
ftriated,  and  refembling  Hematites.    It  contains 
more  of  iron  than  of  tin. 

V  A  R  I  E  T  Y  IV. 

Tin  St  one. 

THE  preceding  varieties  confift  for  the  moft  part 
of  metallic  particles,  the  prefent  chiefly  of  ftones,  or 
fands  of  different  forts ;  which  contain  calx  of  tin 
invifibly  diffufed  through  them.  They  may  be  of 
any  colour ;  blue,  grey,  black,  and  brown,  are  the 
commoneft;  they  are  called  lodeftones. 

It  is  remarkable  that  tin  has  not  as  yet  been 
found  in  any  ftones  of  the  calcareous  genus,  except 
fluorsj  but  only  inthofe  of  the  filiceous  or  argilla- 
ceous kind. 

SPECIES  II. 
Mineralized  by  Sulphur, 
THIS  was  lately  difcovered  by  Bergman  among 
fome  minerals,  which  he  received  from  Siberia. 
He  obferved  two  fpecies  of  it  analogous  to  two  arti- 
ficial combinations  of  tin  with  fulphurj  die  one 
nearly  of  the  colour  of  zinc,  of  a  fibrous  texture, 

D  2  which 
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which  contained  about  20  per  cent,  of  fulphur,  and 
the  remainder  tin.  The  other  inveloped  the  for- 
mer like  a  cruft,  refembled  aurum  mufivum,  and 
contained  about  40  per  cent,  of  fulphur,  a  fmall  por- 
tion of  copper,  and  the  remainder  tin. 

Tin  ores  are  very  fcarce,  not  being  hitherto  found 
in  any  confide rable  quantity,  except  in  the  Eaft  In- 
dies, Cornwall,  Bohemia,  and  Saxony. 


LEAD  ORES. 
Calciform  Ores. 
OF  thofe,  five  varieties  are  afcertained,  all  con- 
tain a  little  iron,  but  never  filver. 

V  A  R  I  E  T  Y  L 

White  Lead  Sfar,  Lead  Ochre,  native  Cerufs. 
IT  is  fometimestranfparent,but  generally  opake 
and  cryftallized  in  regular  forms,  of  a  laminar  or 
ftriated  texture.  Lead  ochre,  or  native  cerufs,  is 
the  fame  fubftance,  but  in  a  loofe  form,  or  indu- 
rated and  fliapelefs;  fometimes  it  is  found  in  a  filky 
formj  both  contain  a  little  iron,  and  fometimes  cal- 
careous earth  and  argill.  They  afford  from  60  to 
80  or  90  per  cent,  of  lead,  and  are  found  in  Brit- 
tany, Lorrain,  Germany,  and  England. 


VARIETY 
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VARIETY  ir. 

Redy  browHy  or  yellow. 
THIS  is  alfo  found  either  regularly  cryftallized, 
or  in  lhapelefs  maffes,  or  in  powder;  it  differs  from 
the  above  only  by  containing  more  iron.  That  in 
powder,  contains  a  mixture  of  clay,  and  affords 
about  60  or  80  per  cent,  of  lead. 

VARIETY  in. 
Green. 

EITHER  ciyftallized  in  needles,  as  in  Brittanyi 
or  in  a  loofe  powder,  as  in  Saxony;  but  moftly  ad- 
hering to,  or  invefting  quartz.  It  owes  its  colour 
to  iron,  and  feldom  contains  copper. 

V  A  R  I  E  T  Y  IV. 

Bluijh. 

THIS  is  fometimes  cryftallized,  and  fbmetimes 
not.    It  owes  its  colour  to  a  mixture  of  copper. 

VARIETY  V. 
Black. 

THIS  is  the  moft  uncommon  of  all,  and  occurs 
either  cryftallized,  or  of  an  indeterminate  form. 

S  P  E  c  I  E  s  II. 
Mineralized  by  the  vitriolic  Acid. 
THIS  fometimes  occurs  in  the  form  of  a  white 
ponderous  calx,  foluble  in  16  on  8  times  its  weight 
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in  water.   I c  originates  from  the  fpontaneous  decom- 
pofition  of  fulphuratcd  lead  ores. 

SPECIES  in. 
Mineralized  hy  the  Phofphoric  Acid. 
THIS  fpecies  was  firft  difcovered  by  Mr.  Gahn; 
it  is  of  a  greenilh  colour,  by  reafon  of  a  mixture  of 
iron. 

SPECIES  IV. 
Mineralized  by  Sulphur,  with  Silver  and  a  little  Iro7u 
^Galena,  Potters  Ore. 
IT  is  the  commoneft  of  all  lead  ores,  of  a  bluifli 
dark  red  colour,  formed  of  cubes  of  a  moderate  fize, 
or  in  grains  of  a  cubic  figure,  whofe  corners  have 
been  cut  off;  its  texture  is  lamellar,  and  its  hardnefs 
variable.    The  hardeft  fort  containing  a  great  mix- 
ture of  iron  or  quartz,  that  in  grains  is  thought  to 
be  the  richeft  in  filver ;  but  the  richeft  contains  only 
about  I  or  1-5  per  cent,  that  is  12  or  18  ounces  per 
quintal,  the  pooreft  about  60  grains.  Ores  which 
yield  about  half  an  ounce  per  quintal  of  filver,  are 
barely  worth  the  coft  of  extrading  it.    The  propor- 
tion of  fulphur  to  lead  in  this  ore  is  variable,  withm 
the  limits  of  1 5  and  25  per  cent.    The  proportion 
of  lead  is  from  60  to  8  5  per  cent,  that  of  iron  is  very 

fmall.  „  . 

It  is  remarked,  that  the  ores  which  are  poorelt  in 

lead,  are  often  the-  richeft  in  filver. 
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SPECIES  Y. 

Mineralized  by  Sulphur,  with  Silver  md  Rcg'iliis  of 
Antimony.  Antimonial  Lead  Ore. 
ITS  appearance  is  like  galena,  buc  its  texture  is 
difFerent,  being  radiated,  filamentous,  or  ftriated; 
when  heated  it  affords  a  white  fmoke.  It  yields 
from  40  to  50  per  cent,  of  lead,  and  from  half  an 
ownce  to  two  ounces  of  filver  per  quintal. 

SPECIES  VI. 

Mineralized  hy  Sulphur,  with  Silver,  and  a  large  Por- 
tion of  Iron.  Pyritous  Lead  Ore. 
THIS  is  of  a  brown  or  yellowilli  colour,  of  an 
oblong  or  ftaladtitical  form,  friable,  and  of  a  lamellar, 
ftriated,  or  loofe  texture  j  it  affords  at  moft  18  or 
ao  per  cent,  of  lead,  which  flows  by  barely  heating 
it,  as  the  iron  detains  the  fulphur.  It  is  no  more 
than  a  mixture  of  galena,  with  the  brown  pyrites. 

SPECIES  VII. 
Mineralized  by  Sidphur  and  Arfenic,  with  Silver. 
Red  Lead  Spar 
DISCOVERED  firft  in  Siberia;  externally  it  is 
of  a  pale,  and  internally  of  a  deep  red,  and  for  the 
moft  part  cryftallized  in  rhomboidal,  or  irregular 
pyramids.  It  contains,  according  to  I-ehman,  fuU 
phur,  arfenic,  and  about  34  per  cent,  of  lead;  and  ac- 
cording to  Pallas  alfo  filver. 

D  4  SPECIES 
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SPECIES  VIII. 
Stony  or  Sandy  Lead  Ore. 
THIS  confifts  either  of  the  calciform  lead  ores, 
or  galena,  intimately  mixed  and  difFufed  through 
ftones  or  earths,  chiefly  of  the  calcareous  kind. 

Ores  of  lead  are  moft  frequently  found  among 
ftones  of  the  calcareous  or  barytic  genus. 


ORES  OF  MERCURY. 

SPECIES  I. 

Mineralized  hy  the  aerial  Acid.  Native  precipitate 
perje,  or  Calx  of  Mercury, 
THIS  is  faid  to  have  been  found  in  Idria,  in  hard 
compa6t  maffes,  of  a  brownifh  red  colour,  and  gra- 
nular texture,  mixed  with  fome  globules  of  native 
mercury.  lOO  parts  afFol-d  about  91  of  running 
mercury. 

SPECIES  II. 
Mineralized  by  the  vitriolic  and  marine  Acids,  Vitrio- 
lic and  marine  Salt  of  Mercury. 
Mr.  Woulfe  firft  difcovered  thefe  falts  at  Ober- 
mofchel,  in  the  Duchy  of 'Deuxponts,  they  have  a 
fpar-like  appearance,  and  are  either  bright  and 
white,  or  yellow,  or  black,  mixed  with  cinnabar,  in  a 

I  ftony 
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ftony  matrix.  Thefe  well  mixed  afforded  him, 
with  I  -3  of  their  weight  of  vegetable  alkali,  cubic 
and  o6tagonal  cryflals,  that  is,  fait  of  fylvius,  and 
tartar  vitriol.  Tlie  marine  fait  of  mercury  is  in  the 
Itate  of  corrofive  fublimate. 

SPECIES  III. 
Mineralized  hy  Sulphur.    Native  Cinnabar,  Vermillion, 

IT  is  of  different  fhades,  from  a  yellow  to  a  deep 
ted,  and  is  found  either  pure,  in  hard  friable  maHesj 
either  fhapelefs,  or  cryflalhzed  in  cubes,  and  fome- 
times  tranfparent,  or  intermixed  with  clay  or  ftone, 
or  interfperfed  through  the  ores  of  other  metals,  par- 
ticularly thofe  of  filver,  copper,  or  martial  pyrites; 
its  texture  is  either  radiated,  ftriated,  fcaly,  or  granu- 
lar. 100  parts  of  cinnabar  contain  about  80  of 
mercury,  and  20  of  fulphur.  Artificial  cinnabar 
contains  rather  more  fulphur,  and  hence  its  colour 
is  darker. 

SPECIES  IV. 

Mineralized  by  Sulphur  with  Copper.    Black  Ore  of 

Mercury. 

ACCORDING  to  Cronfted  and  Linneus,  this 
ore  is  of  a  blackifh  grey  colour,  glafly  texture,  and 
decrepitates  ftrongly  when  heated ;  the  cinnabar  is 
volatilized,  and  the  copper  remains,  and  may  be  dif- 
tinguifhed  by  the  ufual  tefts. 


SPECIES 
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SPECIES  V. 
Pyritous  Mercurial  Ore, 

MONNET  relates  that  he  found  in  Daiiphine, 
a  grey  or  whitifh  friable  fubftance,  loo  parts  of 
which  afforded  one  of  mercury,  half  of  filver,  and 
the  remainder  iron,  cobalt,  fulphur,  and  arfenic. 

Cinnabar  mixed  widi  arfenic,  or  realgar,  is  faid 
to  be  found  in  Japan. 

At  Morsfield,  cinnabar  and  the  wliite  calx  of  ar- 
fenic, prefent  themfelves  in  the  fame  rock. 


ORES  OF  ZINC. 

ALL  the  ores  of  Zinc  tinge  plates  of  copper 
when  ftratified  with  them  and  charcoal  i  only  the 
fuiphureous  require  previous  torrcfadion. 

S  P  E  c  I  E  s  I. 
Mineralized  hy  the  aerial  Acid.    Calciform  Ore's. 
OF  thefe,  there  are  four  varieties. 

VARIETY  I, 
Pure  Calx  of  Zinc,    Zinc  S^ar. 

OF  a  whitifli  grey,  bluifh  grey,  or  yellowifli  co- 
lour, and  of  a  hardnefs  generally  fufficient  to  ftrike 
fire  with  fteelj  in  its  frafture  it  refembles  quartz, 

ftaladlitical. 


THE  METALLIC  ARTS.  43 

ftalaftitical,  or  cryfti\llized  in  groups,  and  weighty-, 
by  torrefaftion  it  lofes  1-3  of  its  weight,  without 
emitting  a  fulphureous  or  arfenical  fmell,  and  is  in- 
fufible  in  the  ftrongeft  heat  fingly,  or  widi  mineral 
alkaU,  but  eafily  fufible  with  borax:  100  grains  of 
this  ore  contains  about  65  of  the  calx  of  zinc,  28  of 
aerial  acid,  6  of  water,  and  i  of  iron,  and  fometimes 
a  little  filex. 

V  A  R  I  E  T  y  n. 

tVith  a  notable  Proportion  of  Iron.  Tutenago. 
Mr.  ENGESTROM,  in  the  memoirs  of  Stock- 
holm, for  the  year  1775,  has  given  us  an  analyfisof 
an  ore  of  this  fort  from  China,  it  was  of  a  white  co- 
lour, interfperfed  with  red  ftreaks  of  calx  of  iron, 
and  fo  britde  as  to  be  eafily  broken  between  the  fin- 
gers. It  contains  in  various  fpecimens  from  60  to 
90  per  cent,  of  zinc,  the  remainder  was  iron,  and  a 
fmall  portion  of  clay.  Bindheim  difcovered  dm 
variety  in  Germany,  and  found  it  to  confift  of  zinc, 
a  litde  iron,  and  filex. 

VARIETY  in. 

Mixed  'With  Iron  and  Clay  in  various  Proportions. 
Calamine. 

ITS  colour  is  white,  grey,  yellow,  brown,  or  red, 
not  fo  brittle  as  the  fecond  variety,  and  of  various 
degrees  of  hardnefs,  though  fcarce  ever  fo  hard  as  to 
ftrike  fire  with  fteelj  its  texture  equable  or  cellular, 

and 
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and  its  form  cither  amorphous,  cryftalJized,  or  fta- 
ladtitical,  when  calcined  it  lofesno  partofift  weight, 
unlefs  it  be  mixed  with  charcoal,  and  then  flowers 
of  zinc  fublime.  The  heft  fort  affords  from  loo 
parts,  84  of  calx  of  zinc,  3  of  iron,  i  of  clay,  and 
1 2  cf  fiiex.  But  in  other  fpecimens  thefe  proportions, 
are  very  different,  fome ,  ores  are  fo  poor  as  not  to 
contain  above  4  per  cent,  of  calx  of  zinc ;  a  good 
ore  fliould  afford  at  leafl  30  per  cent.  Sometimes 
calamines  contain  a  mixture  of  calcareous  earth  and 
lead.    Moft  of  the  Englifh  contain  lead. 

V  A  R  I  E  T  Y  IV. 

Mixed  with  a  notable  Proportion  of  Silex.  Zeolyttform. 

THE  real  contents  of  "this  fubflance,  were  firft 
difcovered  by  Mr.  Pelletier,  of  Paris.  It  was  long 
taken  for  a  zeolyte,  being  of  a  pearl  colour,;Cryflal- 
lized,  femi-tranfparent,  confifting  of  laminas,  di- 
verging from  different  centres,  and  becoming  gela- 
tinous with  acids.  It  was  commonly  called  zeolyte 
ofFriburgh;  he  found  100  grains  to  contain  from 
48  to  52  of  quartz,  36  of  calx  of  zinc,  and  8  or  12 
of  water. 

SPECIES  IL 

Mineralized  hy  the  vitriolic  Acid.     Native  white 

Vitriol. 

IT  is  fometimes  found  native,  mixed  with  vitriol 
of  iron,  and  in  the  form  of  white  hairy  cryftals,  or  in 

afta- 
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a  ftaladitlcal  form,  in  the  galleries  of  mines,  in  Hun- 
o-ary,  Goflaar,  &:c..  or  as  an  efflorefcence  on  ores  of 
zinc;  it  is  alfo  found  diflblved  in  mineral  waters^ 
and  generally  with  fome  portions  of  vitriol  of  iron 
and  copper.  loo  parts  of  vitriol  of  zinc,  contain 
22  of  acid,  10  of  zinc,  and  58  of  water. 

SPECIES  III. 
Mineralized  by  Sulphur  by  means  of  Iron.  Blende, 

Black- jack. 

OF  this  there  are  feveral  varieties,  aimoft  all  con- 
tain a  mixture  of  lead-ore,  moft  of  them  exhale  a 
fulphureous  fmell,  when  fcraped,  or  at  leaft  when 
vitriolic  or  marine  acid  is  dropped  upon  them. 

.  VARIETY  I. 

Bluijh  grey,  and  of  a  metallic  Appearance, 

ITS  form  is  generally  cubical  or  rhomboidal,  its 
texture  fcaly  or  fteel-grained ;  by  torrefa6tion  it 
lofes  1-6  of  its  weight-.  100  parts  afforded  about 
52  of  zinc,  8  of  iron,  4  of  copper,  26  of  fulphur,  4  of 
water,  and  6  of  filex, 

V  A  R  I  E  T  Y  n. 

Black-pecheblende. 

OF  moderate  hardnefs,  does  not  give  fire  withfteel, 
frequently  ciyftallized,  and  then  fometimes  tranfpa- 
rentj  when  pulverifed  it  gives  areddifh  powder,  when 

heated 
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heated  it  decrepitates,  and  if  laid  on  a  burning  coal  it 
emits  a  fulphureoiis  fmell,  and  depofes  white  and 
yellow  flowers ;  it  is  not  magnetic  even  after  torre- 
faftion,  after  which  it  lofes  25  per  cent,  of  its 
weight.  It  is  frequently  mixed  with  filver,  arfenic, 
and  other  metals.  100  parts  of  that  of  Danemora 
yielded  45  of  zinc,  1  of  regulus  of  arfenic,  9  of  iron, 
6  of  lead,  29  of  fulphur,  6  of  water,  and  4  of  filex. 

VARIETY  m, 

Red^  or  reddijh-brown. 

ITS  texture  is  fcaly,  fometimes  cryftaUized,  and 
femi-tranfparent,  it  gives  fire  with  fteel ;  it  does  not 
decrepitate  nor  fmoke  when  heated,  and  lofes  about 
13  per  cent,  by  torrefaftion.  100  parts  of  that  of 
Sahlberg,  yielded  44  of  zinc,  5  of  iron,  17  of  fuU 
phur,  5  of  water,  5  of  clay,  and  24  of  quartz. 

V  A  R  I  E  T  Y  IV. 

Phofphorefcent  Blende. 

ITS  colour  is  generally  greenifli,  yellowifli  green, 
or  red,  of  different  degrees  of  tranfparency  or  opake, 
when  fcraped  with  a  knife  in  the  dark,  it  emits 
"light  even  in  water,  and  after  undergping  a  white 
heat,  when  diftilled  per  fe,  a  filiceous  fublimate  rifes, 
which  fliews  it  contains  the  fparry  acid.  100  parts 
of  that  of  Scharfenberg,  contain  64  of  zinc,  <of 
iron,  20  of  fulphur,  4  of  fluor  acid,  6  of  water,  and 
I  offilex. 

VARIETY 
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VARIETY  V. 
Greyijh  yellow  Blende, 
THIS  confifts  of  a  mixture  of  blende,  galena, 
and  petroli  it  contains  about  24  per  cent,  of  zinc. 

VARIETY  VL 
JVhite  Blende. 
Found  at  Silverberget.  ' 

VARIETY  vn. 

Yellow  Blende. 

OF  the  colour  of  wax,  and  femi-tranfparent,  con- 
taining much  fulphur. 


ORES   OF  ANTIMONY. 

SPECIES  I. 
Mineralized  by  the  aerial  Acid.    Native  Calx  of  An^ 

timony. 

IT  confifts  of  a  group  of  white  cryftallized  fila- 
ments, diverging  from  a  common  center;  urged 
with  a  blow-pipe  on  charcoal  it  will  diffipate,  which 
together  with  its  infolubility  in  nitrous  acid  is  fuffi- 
ci.ent  to  diftinguilh  it. 


SPECIES 
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S  P  E  C  I  E  S  IL 

Minevdized  by  Sulphur.  Antimony. 
IT  is  dark  or  bluifh  grey,  its  texture  is  fibrous, 
folid,  or  lamellar,  this  laft  is  fometimes  called  ahti- 
monial  galena;  its  form  generally  indeterminate,  but 
fometimes  cryftallized,  it  is  the  moft  fufible  of  all 
ores.  loo  parts  contain  74  of  regulus,  and  26  of 
fulphur. 

SPECIES  III. 
Mineralized  by  Sulphur  and  Arjenic.    Arjenicated  An- 
timony. 

THIS  is  the  fame  as  the  plumofe  filver  ore,  be- 
fides  the  colours  there  mentioned,  it  is  found  red  or 
green,  and  then  contains  but  a  fmall  portion  of  filver. 
Its  texture,  filamentous,  very  brittle,  and  fufible. 


ORES  OF  ARSENIC. 

S  P  E  CI E  S  L 

Mineralized  by  the  aerial  Acid.    Native  Calx  of  Ar- 
jenic. 

IT  is  found  either  indurated  in  white,  opake, 
uanfparent,  or  femi-tranfparent  cryftalsj  or  in  a 

loofe 


r 
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loofe  powdeiy  ftate,  frequently  mixed  with  native 
arfenici  it  is  volatile  when  heated,  but  does  not  de- 
tonate with  nitre,  though  an  efFervefcence  arifes. 

SPECIES  n. 
Mineralized  by  Sulphur, 

Of  thefe  there  are  two  varieties,  the  yellow  and 
the  red  J  both  fublimable  in  clofe  vefTels,  and  deto- 
nate with  nitre.  With  fixed  alkalies  they  both  form 
a  hepar. 

VARIETY  I. 

Telloiv  Orpiment. 
THIS  is  rarely  found  cryftallized;  it  is  generally 
compofed  of  fhining  flexible  la^minae  like  mica, 
more  or  lefs  folid.    It  contains  about  i-io  of  its 
weight  of  fulphur,  and  burns  with  a  blue  flame. 

VARIETY  II. 
Red  Realgar. 
IT  is  found  either  in  fliapelefs  or  ftaladitical 
mafles,  opake  or  femi-tranfparent,  and  regularly 
cryftallized  in  oftohsedral  pyramids  or  prifms,  and 
then  called  ruby  of  Arfenic.  lOO  parts  contain  i6 
of  fulphur. 


SPECIES 


CHEMICAL  PRINCIPLES  OB 

SPECIES  III. 

Calx  of  Arfdnic  dtffujed  through  Earths  or  Stones, 

HENCKEL  mentions  a  grey  or  bluifh  marl 
in  which  this  calx  was  found.  Clay  and  calcareous 
earth  are  fometimes  impregnated  with  it ;  it  is  dif- 
covered  either  by  the  fmeil  when  laid  on  burning 
coals,  or  by  lixiviation. 


ORES  OF  BISMUTH. 

SPECIES  I. 

Mineralized  by  the  aerial  Acid.    Native  Calx  of 

Bifmuth. 

WHEN  pure  it  is  of  a  yellowllh  white  colour, 
and  either  in  a  powdery  form,  or  indurated  like 
mortar;  but  it  is  frequently  of  a  greenifh  yellow  co- 
lour, being  mixed  with  ores  of  other  metals  j  the  red 
and  yellow  part  is  moft  commonly  cobalt  ore,  though 
it  is  often  miftaken  for  bifmuth.  It  is  frequendy 
found  in  glittering  particles  interfperfed  through 
ftones  of  various  kinds,  fi^ver^  iron,  and  other  me- 
tals are  alfo  found  in  it. 


SPECIES 
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SPECIES  II. 
Miner alitzed  by  vitriolic  Acid. 

THIS  is  faid  to  be  of  a  yellowlfh,  Teddlfii,  or  va- 
riegated colour,  and  to  be  found  mixed  with  the 
calx  of  bifmuth,  incruftin'g  other  ores. 

SPECIES  III. 
Mineralized  by  Sulphur. 
IT  is  chiefly  found  in  Sweden,  of  a  bluifli  grey 
colour,  lannellar  texture,  like  galena,  but  much 
heavier i  it  is  faid  to  contain  befides  bifmuth,  cobalt 
and  arfenic.  This  ore  is  very  fufible,  and  the  ful- 
phur  moftly  feparates  on  fcorification. 

SPECIES  IV. 
Mineralized  by  Sulphur  andiron. 

THIS  is  faid  to  be  of  a  lamellar  cuneiform  tex* 
ture,  and  to  be  found  in  Norway, 


ORES  OF  COBALT. 

SPECIES  L 
Mineralized  by  aerial  Acid,    Black  Ochre  of  Cobalt, 
THIS  appears  either  in  a  loofe  powdery  form, 
fometimes  as  fine  as  lamp-black,  or  grey,  orblackifli. 
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or  in  black  indurated  mafles,  when  it  is  called  vi- 
treous cobaltic  ore ;  it  is  commonly  free  from  ful- 
phurand  arfenlcj  when  there  are  any,  they  are  only 
mechanically  mixed;  fometimes  fmall  pbrtions  of 
copper  and  iron  are  alfo  found  in  it.  It  is  found 
imbodied  in  (tones,  fands,  &c. 

SPECIES  n. 

Mineralized  by  the  vitriolic  or  arjenical  Acids.  Red 

Cobalt  Ochre. 
THIS  alfo  is  found  either  loofe  or  pure,  or  mixed 
with  chalk  or  gypfum,  or  indurated  and  cryftallized 
in  tetrahsdral  cryftals,  or  in  a  ftakaitical  form;  it 
melts  eafily,  and  then  becomes  blue;  it  frequently 
invefts  other  cobaltic  ores,  and  is  found  fometimes 

in  ftones  or  fand. 

Bergman  has  (hewn  that  the  arfenical  acid,  and 
not  the  calx  of  arfenic  enters  into  this  combination, 
for  cobalt  is  never  ,  red,  but  when  united  to  an  acid. 

SPECIES  III. 

Mineralized  by  Arfenic  with  Jcarce  any  Iron.  Grey 

Cobalt  Ore. 

Solid,  heavy,  compaft,  fometimes  of  a  dull,  and 
fometimes  of  a  bright  appearance,  frequently  cryf- 
tallized, and  generally  fo  hard  as  to  give  fire  with 
fteel. 


SPECIES 
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SPECIES  iv: 

Mineralized  by  Arjeiiic  and  Sulphur  with  IxQn.  JVbite 
arjenicated  Cobalt  Ore, 

THIS  bears  a  great  refemblance  to  the  preced- 
ing, but  is  fofter,  and  never  ftrikes  fire  witli  fleel.  It 
fometimes  may  be  eafily  fcraped  v/ith  a  knife,  and 
moftly  appears  cryflallized  under  fanne  polygon 
form. 

SPECIES  V. 

Mineralized  by  a  [mall  Portion  of  Sulphur ^  with  a  not- 
able Portion  of  Irony  without  any  Arfenic,  White 
marfenicated  Cobalt  Ore. 

IT  is  fomedmes  found  in  large  mafies,  and  fome- 
times in  grains  cryftallizedj  of  a  dull  white  colour^ 
and  frequendy  bears  the  appearance  of  a  mif[>ickle; 
it  becomes  black,  and  not  red  by  torrefadion,  -which 
diflinguifhes  it  from  pyrites.  No  fulphur  can  be  ex^ 
tra£ted  from  it,  and  it  contains  much  more  iron 
than  it  does  cobalt. 


ORES  OF  NICKEL. 

SPECIES  L 
Mineralized  by  aerial  Acid.    Native  Calx  of  NickeL 
IT  is  found  in  the  form  of  a  green  calx,  mixed 
with  calx  of  iron,  fcattered  over  the  ore  of  kupfer- 
nickel,  and  alfo  in  fome  green  clays. 

E  J  SPECIES 
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S  P  E  CI  E  S  II, 

Mineralized  hy  the  vitriolic  Acid.    Vitriol  of  Nickel. 

THIS  is  with  difficulty  foluble  in  water,  its  folu- 
tion  is  green,  it  is  found  native,  but  generally  mixed 
with  vitriol  of  iron. 

SPECIES  III. 

Mineralized  hy  Sulphur  and  Arjenic^  with  Cobalt  and 
Iron.  Kupfernickel. 
IT  is  of  a  reddifli  yellow  bright  colour,  its  tex- 
ture either  uniform,  granular,  or  fcaly,  bright  in  its 
fra£ture,very  heavy,  and  generally  covered  with  a 
'greenifli  efflorefcence.  By  torrefaftion  it  lofes  much 
of  its  fulphur,  becomes  green,  and  forms  fungous  ra- 
mifications. 


ORES  OF  MANGANESE. 

SPECIES  I. 
Mineralized  ly  the  aerial  Acid.     Native  Calces  of 

Manganefe. 

THE  aerial  acid  is  the  only  mineralizer  of  man- 
ganefe in  a  dry  ftate  yet  known,  and  according  to  the 
different  degrees  of  phloglftication  of  the  manga- 
nefe, it  forms  with  it  calces  of  different  colours. 
The  principal  of  which  are  blue,  green,  yellow, 

red. 
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red,  brown,  or  black.  Blue  is  that  which  it  ac- 
quires from  the  proportion  of  phlogifton,  which  it . 
is  enabled  to  retain  by  reafon  of  its  union  with  fixed 
alkalies:  green  arifes  from  a  mixture  of  the  blue 
with  the  yellow  calx  of  iron,  yellow  from  the  preva-  * 
lence  of  the  calx  of  iron,  red  from  a  flight  phlogif- 
tication  of  the  calx  of  manganefe,  and  black  from  its 
perfeft  dephlogiftication.  When  manganefe  is  in 
the  higheft  ftate  of  phlogiftication,  without  being  in 
a  reguline  ftate,  it  is  of  a  white  colour.  All  thefe 
calces  whatever  colou*  they  may  be,  communicate 
a  garnet  colour  to  glafs  of  borax,  when  treated  with 
the  blow-pipe. 

There  are  three  varieties,  principally  diftinguiihed 
of  the  native  calx  of  manganefe. 

V  A  R  I  E  T  Y  L 
White  Ore  of  Manganefe. 
IT  contains  but  a  fmall  portion  of  iron.  Rin- 
man  found  it  in  fmall  white  cryftals,  and  in  round 
mafles  in  the  cavities  of  quartz,  &c.  of  a  fparry  tex- 
ture, and  fcarcely  magnetic  even  after  roafting. 

VARIETY  n. 
IT  contains  lefs  fixed  air  and  more  iron  than  the 
former  variety;  Jt  is  found  either  loofc,  or  femi- 
indurated  in  a  matrix  of  calcareous  fpar,  taiky  fliif- 
tus,  iron  ores,  &c.  or  in  heavy  hard  malTes  cryftal- 
lized  varioufly. 

E4  VARIETY 
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VARIETY  III. 
Black  and  broivn  Ores  of  Mangamje. 

THESE  differ  little  ft  •om  each  other,  they  are 
found  either  cryftallized  in  the  fame  form  as  the  red 
ore,  or  in  fohd  malTes,  fome  of  which  have  a  metal- 
lic appearance,  others  are  dull,  earthy,  or  mixed,  or 
embodied  with  quartz,  or  in  a  loofe  earthy  form. 
They  contain  more  iron  and  lefs  fixed  air  than  the 
former  varieties. 

SPECIES  n. 
Black-  TVad. 

IT  is  of  a  dark  brown  colour,  partly  in  powder, 
and  partly  indurated,  and  biitde.  loo  parts  of  it 
contain  43  of  manganefe,  43  of  iron,  4  of  lead,  and 
5  of  Mica. 

It  is  remarkable  that  if  this  fpecies  be  well  dried 
before  a  fire,  and  afterwards  fuffered  to  cool ;  and 
then,  by  adding  two  ounces  of  linfeed  oil  gradually, 
and  mixing  them  loofely,  in  about  half  an  hour  it 
begins  to  grow  hot,  and  at  laft  burfts  into  aflame. 


MOLY  BDENA. 

IT  refembles  plumbago,  or  black  lead,  butitslaminse 
are  larger,  biighter,  and  when  thin,flightlytlexiblej  it 
is  of  a  lead  colour,  and  does  not  ftrike  fire  widi  fteel. 

Mr. 
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Mr.  Scheele  found  it  to  confifl  of  an  acid  of  a  pe- 
culiar nature  united  to  fulphur;  a  fmall  portion  of 
iron  is  commonly  found  in  it,  butitfeems  merely- 
fortuitous.  100  parts. contain  45  of  acid,  and  55  of 
fuJphur. 

It  is  decompofed  by  detonation  with  nitre,  or  by 
folution  in  nitrous  acid  ;  this  latter  method  is  the 
readieft.  For  this  purpofe  it  is  to  be  five  times  dif- 
tilled,  each  time  with  four  times  its  weight  of  fpirit 
of  nitre  ;  a  white  calx  at  lafl:  remains,  which  is  the 
molybdenous  acid. 

Mr.  Hielm  has  reduced  this  acid.  He  calcined 
the  molybdena  and  put  it  into  a  crucible,  with  a  mnt- 
ture  of  fat  and  charcoal  duft,  and  covered  it  with  a 
copper  cover.  The  crucible  was  expofed  to  the  in- 
tenfe  heat  of  a  forge  for  half  an  hour,  a  part  of  the 
molybdena  was  fufed  and  found  at  the  bottom  of  the 
crucible  in  fmall  brilliant  globules }  and  the  reft 
.was  united  to  the  copper  cover  and  melted. 


TUNGSTEN. 
AS  this  acid  is  of  a  metallic  nature,  a  few  of  its 
diftinguiihing  properties  may  properly  be  inferred 
here.    Firft,  Its  folution  in  water  reddens  litmus, 
with  alkalis  it  forms  cryftallizable  faltSi  with  calca- 

'  reous 
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reous  earth,  barytcs,  and  magnefia,  infoluble  com- 
pounds. Secondly,  this  folution  is  precipitated  white 
by  the  Pruffian  alkali,  and  the  precipitate  is  Ibluble 
in  water.  Thirdly,  it  precipitates  the  folutions  of 
vitriols  of  iron,  zinc,  copper,  and  the  nitrous  folutions 
of  filver,  mercury,  and  lead,  and  that  of  lead  in  ma- 
rine acid.  The  folution  of  tin  in  marine  acid,  is 
precipitated  blue,  but  the  folutions  of  gold  and  cor- 
rofive  fublimate,  are  not  altered  by  it  3  and  fourthly, 
the  folutions  of  challc  or  alum  are  not  altered  by  it, 
but  diat  of  barytes  in  acetous  acid,  is  precipitated, 
and  the  precipitate  is  infoluble. 


ON  THE  ASSAYING  OF  METALLIC 

ORES. 

BEFORE  metallic  ores  are  worked  upon  in  a 
large  way,  it  will  be  necelfary  to  enquire  what  lort  of 
metal,  and  what  portion  of  it,  is  to  be  found  in  a 
determinatd  quantity  of  the  ore;  to  difcover  whether 
it  will  be  worth  while  to  extrad  it  in  the  great,  and 
in  what  manner  the  procefs  Ihould  be  conduced  fo  2&  I0 
anfwer  that  purpofe.  The  knowledge  requifite 
for  this  is  called  die  art  of  affaying,  which  is  the  fame 
thing  in  litde,  as  the  procefs  of  fmelting  is  in  tlie 
great. 

The 
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The  afTaying  of  ores  may  be  performed  either  in 
the  dryormoift  way;  the  firft  is  the  mod  ancient, 
and  in  many  refpe6ts  the  moft  advantageous,  and 
confequently  ftill  continues  to  be  moftly  ufed. 

Aflays  are  made  either  in  crucibles  with  the  blaft 
of  the  bellows,  or  in  tefts  under  a  muffle. 

The  aflay-weights  are  always  imaginaiy,  fome- 
tlmes  an  ounce  reprefents  an  hundred  weight  on  the 
large  fcale,  and  is  fub-divided  into  the  fame  number 
of  parts,  as  that  hundred  weight  is  in  the  greatj  fo 
that  the  contents  of  the  ore  obtained  by  the  affay, 
fhall  accurately  determine  by  fuch  relative  propor- 
tion, the  quantity  to  be  expeded  from  any  weight  of 
ore  on  a  larger  fcale. 

In  the  lotting  of  the  ores,  care  fhould  be  taken  to 
have  fmall  portions  from  different  fpecimens,  which 
fliould  be  pulverized,  and  well  mixed  in  an  iron  or 
brafs  mortar.  The  proper  quantity  of  the  ore  is 
now  taken,  and  if  it  contain  either  fulphur  or  arfe- 
nic  J  it  is  put  into  a  crucible  or  teft,  and  expofed  to  a 
moderate  degree  of  heat,  till  no  vapour  arifes  from 
iti  and  to  affift  this  volatilization,  fome  add  a  fmall 
quantity  of  powdered  charcoal,  this  procefs  is  called 
the  roafting  of  the  ore. 

To  affift  the  fufion  of  the  ores,  and  to  convert  the 
extraneous  matters  conne6ted  with  them  into  Sco- 
ria; affayers  ufe  different  kinds  of  fluxes.  The 
moft  ufual  and  efficacious  materials  for  the  compo- 

fition 
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ilEion  of  which,  are,  borax,  tartar,  nitre,  fal  ammo- 
niac,, common  fait,  glafs,  fluor  fpar,  charcoal  pow- 
der, pitch,  lime,  litharge,  &c.  different  proportions 
of  which  united  together  form  fluxes. 

Some  of  the  principal  fluxes,  are  compofed  as 
Ibllows : 

CRUDE,  OR  WHITE  FLUX. 
ONE  part  of  nitre,  and  two  of  tartar,  well  mixed 
together. 

BLACK  FLUX. 
THE  above  crude  flux  detonates  by  means  of 
kindled  charcoal,  if  the  detonation  be  efiPefted  in  a 
mortar  fiightly  covered,  the  fmoke  that  rifes  unites 
-with  the  alkaliied  nitre  and  the  tartar,  and  renders  it 
black  in  confequence  of  a  flight  degree  of  phlogif^ 
tlcation. 

CORNISH  REDUCING  FLUX. 

TEN  ounces  of  tartar  ;  3  ounces  and  6  drachms 
of  nitre,  and  3  ounces  and  i  drachm  of  borax  > 
mix  them  well  together. 

CORNISH  REFINING  FLUX. 
TWO  parts  of  nitre,  and  i  part  of  tartar,  defla.- 
grate  them^,  and  afterwards  pulverize. 

Thefe 


■  THE  METALLIC  ARTS.  <i 

Thefe  fluxes  anfwer  the  purpofe  very  well,  provid- 
ing the  ores  be  deprived  of  all  their  fulphur;  or,  if 
they  contain  much  earthy  matters,  becaufe  in  the 
latter  cafe,  they  unite  eafily  with  them,  and  convert: 
thenl  into  a  thin  glafs,  but  if  any  quantity  of  ful- 
phur  renlain,  thefe  fluxes  unite  with  it,  and  form  a 
liver  of  fulphur,  which  has  the  power  of  deftroying 
a  portion  of  all  the  metals ;  confequendy  the  aHay 
under  fuch  circumftances  muft  be  very  inaccurate. 
The  principal  difficulty  in  aflaying,  appears  to  be  ia 
the  appropriation  of  the  proper  fluxes  to  each  parti- 
cular ore,  and  it  likewife  appears,  that  fuch  a  difcri- 
minating  knowledge  can  only  be  acquired  from  aa 
extenfive  pra6tice,  or  from  a  knowledge  of  the  che- 
mical affinities  and  aftions  of  different  bodies  upoa 
each  other. 


ORES  and  EARTHS  containing  GOLD  may  l£ 
affayed  by  the  following  METHODS. 

I.  THAT  which  is  now  mofl:  generally  ufed  is 
by  amalgamation,  the  proper  quantity  is  taken  and 
reduced  to  a  powder;  about  i-io  of  its  weight  of 
pure  quickfilver  is  added,  and  the  whole  triturated 
in  an  iron  mortar.  The  attradion  fubfifting  be- 
tween the  gold  and  quickfilver,  quickly  unites  them 
in  the  form  of  an  amalgam,  which  is  prefled  through 

fliamoy 
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fiiamoy  leather  j  the  gold  is  eafily  feparated  from 
this  amalgam,  by  expofure^  to  a  proper  degree  of 
heat,  which  evaporates  the  quickfilver,  and  leaves  the 
gold.  This  evaporation  fliould  be  made  with  luted 
vefiels. 

This  is  the  foundation  of  all  the  operations  by 
which  gold  is  obtained  from  the  rich  mines  of  Peru, 
in  Spanifli  America. 

II.  Take  a  quantity  of  the  gold  fand  and  heat  it 
red-hot,  quench  it  in  water  j  repeat  this  two  or  three 
times,  and  the  colour  of  the  fand  will  become  of  a 
reddifli  brown.  Then  mix  it  with  twice  its  weight 
of  litharge,  and  revive  the  litharge  into  lead,  by  add- 
ing a  fmall  portion  of  charcoal  duft,  and  expofing  it 
to  a  proper  degree  of  heat  when  the  lead  revives, 
it  feparates  the  gold  from  the  fand ;  and  the  freeing 
of  the  gold  from  the  lead  muft  be  afterwards  per- 
formed bycupellationj  or, 

III.  Bergman  affays  metallic  ores  containing 
gold,  by  mixing  two  parts  of  the  ore  well  pounded 
and  waflied,  with  one  and  a  half  of  litharge,  and 
three  of  glafsj  covering  the  whole  with  common 
fait,  and  melting  it  in  a  fmith's  forge,  in  a  covered 
crucible;  he  then  opens  the  crucible,  puts  a  nail  into 
it,  and  continues  to  do  fo  till  the  iron  is  no  longer 
attacked.  The  lead  is  thus  precipitated  which  con- 
tains the  gold,  and  is  afterwards  feparated  by  cu- 
pellation.  _ 
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3tf  make  an  ASSAY  of  SILVER  ORES. 

I.  Take  the  aflay  quantity  of  the  ore  finely  pow- 
dered, and  roaft  it  well  in  a  proper  degree  of  heat, 
frequently  ftirring  it  with  an  iron  rod^  then  add  to 
it  about  double  the  quantity  of  granulated  lead,  put 
it  in  a  covered  crucible,  and  place  it  in  a  furnace, 
raife  your  fire  gently  at  firft,  and  continue  to  encreafe 
it  gradually  till  the  metal  begins  to  work;  if  it  fhould 
appear  too  thick,  make  it  thinner  by  the  addition  of 
a  little  more  lead;  if  the  metal  Ihould  boil  too  ra- 
pidly the  fire  fhould  be  diminifiied.    The  furface 
will  be  covered  by  degrees  with  a  mafs  of  fcoria,  at 
which  time  the  metal  fliould  be-i:arefully  ftirred  with 
an  iron  hook  heated,  efpecially  towards  the  border, 
left  any  of  the  ore  fliould  remain  undiflTolved ;  and  if 
what  is  adherent  to  the  hook  when  you  raife  it  from 
the  crucible,  melts  quickly  again,  and  the  extremity 
of  the  hook  after  it  is  grown  cold,  is  covered  with  a 
thin,  ftiining,  fmooth  cruft,  the  fcorification  is  per- 
fect; but  on  the  contrary,  if  while  you  are  ftirring,  it, 
you  perceive  any  confiderable  clamminefs  in  the 
fcoria,  and  when  it  adheres  to  the  hook,  though  red 
hot,  and  appears  unequally  tinged,  and  feems  dufty 
or  rough  with  grains  interfperfed  here  and  there,  the 
fcorification  is  incomplete;  in  confequence  of  which 
the  fire  fliould  be  encreafed  a  little,  and  what  ad- 
heres to  the  hook  fliould  be  gently  beaten  ofl=;  and 

returned 
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returned  with  a  fmall  ladle  into  the  crucible  again. 
When  the  fcorification  is  perfeft,  the  metal  ftiouid 
be  poured  into  a  cone,  previoufly  rubbed  with  a 
little  tallow,  and  when  it  becomes  cold  the  fcoria 
may  be  feparated  by  a  few  ftrok.es  of  a  hammer. 
The  button  is  the  produce  of  the  aflay.  Or, 

11.  By  cupellation.  Take  the  aflay  quantity  of 
ore,  roaft  and  grind  it  with  an  equal  portion  of  li- 
tharge, divide  it  into  two  or  three  parts,  and  wrap 
each  up  in  a  fmall  bit  of  paper  j  put  a  cupel  previ- 
oufly feafoned  under  a  muffle,  with  about  fix  times 
the  quantity  of  lead  upon  it.  When  the  lead  begins 
to  work,  carefully  put  one  of  the  papers  upon  it,  and 
after  this  is  abforbed,  put  on  a  fecond,  and  fo  on  till 
the  whole  quantity  be  introduced ;  then  raife  the  fire, 
and  as  the  fcoria  is  formed,  it  will  be  taken  up  by  the 
cupel,  and  at  laft  the  filver  will  remain  alone.  This 
will  be  the  produce  of  the  affay,  unlefs  the  lead  con- 
tains a  fmall  portion  of  filver,  which  may  be  difco- 
vered  by  putting  an  equal  quantity  of  the  fame  lead 
on  another  cupel,  and  worldng  it  off  at  the  fame 
timej  if  any  filver  be  produced  it  muft  be  dedufted 
from  the  aflfay.    This  is  called  the  witnefs. 


To 
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■^0  make  an  ASSAY  of  COPPER-ORES. 

TAKE  an  exacTc  troy- ounce  of  the  ore  previ- 
oufly  pulverifedj  and  calcine  it  well,  ftir  it  all  the 
time  with  an  iron  rod,  without  removing  it  from  the 
crucible ;  after  the  calcination  add  an  equal  quantity 
of  borax,  half  the  quantity  of  fufible  glafs,  1-4  the 
quantity  of  pitch,  and  a  little  charcoal  duft;  rub  the 
inner  furface  of  the  crucible  with  a  pafte  compofed 
of  charcoal  duft,  a  little  fine  powdered  clay,  and 
water.    Cover  the  mafs  with  common  fait,  and  put 
a  lid  upon  the  crucible  which  is  to  be  placed  in  a  fur- 
nace; the  fire  is  to  be  raifed  gradually  till  it  burns 
brifldy,  and  the  crucible  continued  in  it  for  half  an 
hour,  ftirring  the  metal  frequently  with  an  iron  rod, 
and  when  the  fcoria  which  adheres  to  the  rod  appears 
clear,  then  the  crucible  muft  be  taken  out  and  fuf- 
fered  to  cool;  after  which  it  muft  be  broken,  and 
the  regulus  feparated  and  weighed;  this  is  called 
black  copper,  to  refine  which  equal  parts  of  com- 
mon fait  and  nitre  are  to  be  well  mixed  together.  The 
black  copper  is  brought  into  fufion,  and  a  tea  fpoonful 
of  the  flux  is  thrown  upon  it,  which  is  repeated  three 
or  four  times,  when  the  metal  is  poured  into  an  in- 
got mould,  and  the  button  is  found  to  be  fine  copper. 
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To  make  a^  ASSAY  c/IRON  ORES. 

THE  ore  muft  be  roafbed  till  the  vapour  ceales 
to  arife.    Take  two  aflay  quintals  of  it,  and  tritu- 
rate them  with  one  of  fluor  fpar,  3-4  of  a  quintal  of 
powdered  charcoal,  and  4  quintals  of  decrepitated 
fea  fait;  this  mixture  is  to  be  put  into  a  crucible, 
-lined  on  the  infide  with  clay  and  powdered  charcoal, 
a  cover  muft  be  luted  upon  the  crucible,  and  the 
crucible  itfelf  expofed  to  a  violent  fire  for  an  hour, 
and  when  it  is  cool,  broken.  When,  if  the  operation 
has  been  well  conduced,  the  iron  will  be  found  at 
the  bottom  of  the  crucible ;  to  which  muft  be  added 
thofe  metallic  particles,  which  may  adhere  to  the 
fcorla.    The  metallic  particles  fo  adhering  may  be, 
feparated,  by  pulverifing  it  in  paper,  afterwards  at- 
tradling  them  with  a  magnet. 

If  the  ore  fliould  be  in  a  calciform  ftatc  mixed 
with  earths,  the  roafting  of  it  previous  to  aftaying, 
if  not  detrimental,  is  at  leaft  fuperfluousj  if  the 
earths  fliould  be  of  the  argillaceous  and  filiceous 
kind,  to  half  a  quintal  of  them,  add  of  dry  quick 
lime  and  fluor  fpar  of  each  i  quintal  and  1-4  re- 
duced to  powder,  and  mix  them  with  1-4  of  a  quin- 
tal of  powdered  charcoal,  covering  the  whole  with 
I  ounce  of  decrepitated  common  fait,  and  expole  the 
luted  crucible  to  a  ftrong  forge-fire  for  an  hour  and  a 

quarter, 
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quarter,  then  let  it  gradually  cool,  and  the  regulus 
muft  be  ftruck  off  and  weighed. 

If  the  ore  contain  calcareous  earth,  there  will  be 
no  occafion  to  add  quick  lime;  the  proportion  of 
the  ingredients  nnay  be  as  follows :  viz,  i  affay  quin- 
tal of  the  ore,  i  of  decrepitated  fea-falt,  1-2  of  pow- 
dered charcoal,  and  i  of  fluor  fpar,  and  the  procels 
conducted  as  above. 

There  is  a  great  difference  in  the  reguli  of  iron, 
when  the  cold  regulus  is  ftruck  with  a  hammer  and 
breaks,  the  iron  is  called  cold  Ihort  j  if  it  break  on 
being  ftruck  red-hot,  it  is  called  red  ftiort ;  but  if  it 
refift  the  hammer  both  in  its  cold  and  ignited  ftate, 
it  is  good  iron. 


ro  ASSAY  TIN  ORES. 

MIX  a  quintal  of  tin-ore,  previoufly  wafhed,  pul- 
verifed,  and  roafted  till  no  arfenical  vapour  arifes, 
with  half  a  quintal  of  calcined  borax,  and  the  fame 
quantity  of  pulverifed  pitch ;  thefe  are  to  be  put  into 
a  crucible  moiftened  with  charcoal  duft  and  water, 
and  the  crucible  placed  in  an  air-furnace.  After  the 
pitch  is  burnt,  give  a  violent  fire  for  a  quarter  of  an 
hour,  and  then  withdraw  the  crucible,  the  regulus 
will  be  at  the  bottom.  If  the  ore  be  not  well  waflied 
from  earthy  matters,  a  larger  quantity  of  borax  will 

Fa  be 
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be  requifitej  with  fome  powdered  glafs;  and  if  the 
ore  contain  iron,  fonne  alkaline  fait  may  be  added. 


To  ASSAY  LEAD  ORES. 
AS  moft  of  the  lead  ores  contain  either  fulphiir  or 
arfenic,  they  require  to  be  well  roafted.  Take  a 
quintal  of  roafted  ore,  with  the  fanne  quantity  of  cal- 
cined borax,  half  a  quintal  of  fine  powdered  glafs,  a 
quarter  of  a  quintal  of  pitch,  and  as  much  clean  iron 
filings.  Line  the  crucible  with  wetted  charcoal 
duft,  and  put  the  mixture  into  the  crucible,  and  place 
it  before  the  bellows  of  a  forge-fire,  and  when  it  is 
red  hot,  raife  the  fire  for  15  or  20  minutes,  then 
withdraw  the  crucible,  and  break  it  when  cold. 


^0  ASSAY  MERCURIAL  ORES. 
THE  calciform  ores  of  mercury,  are  eafily  re- 
duced without  any  addition.  A  quintal  of  the  ore 
is  put  into  a  retort,  and  a  receiver  luted  on,  con- 
taining fome  water  i  the  retort  is  placed  in  a  fand  bath, 
and  a  fufficient  degree  of  heat  given  it,  to  force  over 
the  mercury  which  is  condenfed  in  the  water  of  the 
receiver. 

The  fulphureous  ores  are  aflayed  by  diftillation  in 
the.  manner  above,  only  thefe  ores  require  an  equal 

weight 
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weight  of  clean  iron  filings  to  be  mixed  with  them, 
to  difengage  the  fulphur,  while  the  heat  volatilizes 
the  mercury,  and  forces  it  into  the  receiver.  Thefe 
ores  fliould  likewife  be  tried  for  cinnabar,  to  know 
whether  itwillanfwer  the  purpofe  of  extrafling  it 
from  them ;  for  which  a  determinate  quantity  of  the 
ore  is  finely  powdered  and  put  into  a  glafs  veffel, 
which  is  expofed  to  a  gende  heat  at  firft,  and  gra- 
dually encreafed  till  nothing  more  is  fublimcd.  By 
the  quantity  thus  acquired,  a  judgment  may  be 
formed  whether  the  procefs  will  anfwer.  Somedmes 
this  cinnabar  is  not  of  fo  lively  a  colour  as  that 
which  is  ufed  in  trade  j  in  this  cafe,  it  may  be  refined 
by  a  fecond  fublimation ;  and  if  it  be  ftill  of  too 
dark  a  colour,  it  may  be  brightened  by  the  addition 
of  a  quantity  of  mercury,  and  fubliming  it  again. 


To  ASSAY  ORES  of  ZINC. 

TAKE  your  affay  weight  of  roafted  ore,  and  mix 
it  well  with  1-8  part  of  charcoal  duft,  put  it  info  a 
ftrong  luted  earthen  retort,  to  which  muft  be  fitted 
a  receiver  5  place  the  retort  in  a  furnace,  and  raife  the 
fire,  and  continue  it  in  a  violent  heat  for  two  hours, 
fuffer  it  then  to  cool  gradually,  and  the  zinc  will  be 
found  adhering  to  the  neck  of  the  retort  in  its  me- 
tallic form. 

F  3  <to 
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to  ASSAY  ORES  of  ANTIMONY. 

TAKE  a  common  crucible,  and  bore  a  number 
of  fmall  holes  in  the  bottom,  and  place  it  in  another 
crucible  a  fize  fmaller,  luting  them  well  together; 
then  put  the  proper  quantity  of  ore  in  fmall  lumps  into 
the  upper  crucible,  and  lute  thereon  a  cover  i  place 
thefe  vefTels  on  a  hearth,  and  furround  them  with 
ftones  about  fix  inches  diflant  from  themj  the  in- 
termediate fpace  muft:  be  filled  with  afhes,  fo  that 
the  undermoft  crucible  may  be  covered  with  them  j 
but  upon  the  upper,  charcoal  muft  be  laid,  and  the 
whole  made  red  hot  by  the  afliftance  of  hand  bel- 
lows. The  antimony  being  of  eafy  fiifion  is  fepa- 
rated,and  runs  through  the  holes  of  the  upper  veffel 
into  the  inferior  one,  where  it  is  collected. 


TV  ASSAY  ARSENICAL  ORES. 

THE  affay  of  arfenical  ores  is  made  by  fublima- 
tion  in  clofe  veffels.  Beat  the  ore  into  fmall  pieces, 
and  put  them  into  a  matrafs  and  place  it  in  a  fand 
fioti,  with  a  proper  degree  of  heat,  the  arfenic  fub- 
limes  in  this  operation,  and  adheres  to  the  upper 
partof  the  velfelj  when  it  muft  be  carefully  col- 

leded 
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Icded  with  a  view  to  afcertain  its  weight.  Some- 
times a  fingle  fublimation  will  not  be  fiifficient,  for 
the  arfenic  in  many  cafes  will  fmelt  with  the  ore, 
and  prevent  its  total  volatilization  in  which  cafe, 
it  is  better  to  perform  the  firft  fublimation  with  a 
moderate  heat,  and  afterwards  bruife  the  remainder 
again,  and  expofe  it  to  a  ftronger  heat. 


To  ASSAY  BISMUTH  ORES. 

IF  the  ore  be  mineralized  by  fulphur,  or  fulphur 
and  iron,  a  previous  roafting  will  be  necelTary.  The 
ftrong  ores  require  no  roafting,  but  only  to  be  re- 
duced to  a  fine  powder.  Take  the  alfay  weight  and 
mix  it  with  half  the  quantity  of  calcined  borax,  and 
the  fame  of  pounded  glafs ;  line  the  crucible  with 
charcoals  melt  it  as  quick  aspoffible;  and  when  it 
is  well  melted,  take  out  the  crucible,  and  let  it  cool 
gradually.  The  regulus  will  be  found  at  the  bottom. 


To  ASSAY  COBALTIC  ORES. 
FREE  them  as  much  as  poffible  from  earthy 
matters  by  well  walhing,  and  fiom  fulphur  and 

F  4  arfenic 
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arfenic  by  roafting.  The  ore  thus  prepared  is 
mixed  with  three  parts  of  black  flux,  and  a  little 
decrepitated  fea-falt ;  put  the  mixture  in  a  lined  cru- 
cible, cover  it,  and  place  it  in  a  forge  fire,  or  in  a 
hot  furnace,  for  this  ore  is  very  difficult  of  fufion. 

When  the  fufion  is  well  made,  a  metallic  regulus 
is  found  at  the  bottom,  covered  with  a  fcoria  of  a 
deep  blue  colour ;  as  almoft  all  cobalts  contain  bif- 
muth,  this  is  reduced  by  the  fame  operation  as  the 
regulus  of  cobalt;  but  as  they  are  incapable  of 
uniting  together^  they  are  always  found  diftinil  from 
each  other  in  the  crucible.  The  regulus  of  bifmuth 
having  a  greater  fpecific  gravity  is  always  at  the 
bottom,  and  may  be  feparated  by  a  blow  with  a 
hammer. 


"to  ASSAY  NICKEL  ORES. 

THE  ores  muft  be  well  roafted  to  expel  the 
fulphur  and  arfenic,  the  greener  the  calx  proves  dur- 
ing this  torrefadion,  the  more  it  abounds  in  the 
nickel  i  but  the  redder  it  is,  the  more  iron  it  contains. 
The  proper  quantity  of  this  roafted  ore  is  fufed  in  an 
cpen  c  ucible,  with  twice  or  thrice  its  weight  of  black 
flux,  and  the  whole  covered  with  common  fait. 
By  expofing  the  crucible  to  the  ftrongeft  heat  of  a 

forge 
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forge  fire,  and  making  the  fufion  complete,  a  regu- 
lus  will  be  produced.  This  regulus  is  not  pure,  but 
contains  a  portion  of  arfenic,  cobalt,  and  iron.  Of 
the  firft  it  may  be  deprived  by  a  frefli  calcination, 
with  the  addition  of  powdered  charcoal;  and  of  the 
fecondby  fcorification ;  but  it  is  with  difficulty  that 
it  is  entirely  freed  from  the  iron. 


To  ASSAY  MANGANESE  ORES. 

THE  regulus  is  obtained  by  mixing  the  calx  or 
ore  of  manganefe,  with  pitch,  making  it  into  a  ball, 
and  putting  it  into  a  crucible,  lined  with  powdered 
charcoal,  i-io  of  an  inch  on  the  fides,  and  1-4  of 
an  inch  at  bottom,  then  filling  the  empty  fpace  with 
charcoal  dull,  covering  the  crucible  with  another  in- 
verted and  luted  on,  and  expofing  it  to  the  ftrongeft 
heat  of  a  forge  for  an  hour  or  more. 

The  above  are  the  moft  approved  methods  of 
affaying  ores  for  their  particular  metals  by  the  diy 
way  J  but  they  are  deficient  fo  far  as  relates  to  point- 
ing out  the  different  fubftances,  connetted  with  them, 
becaufe  they  are  always  deftroyed  by  the  procefs 
for  obtaining  the  alfay  metal.  The  alTay  by  die 
,  moift  way  is  more  corred,  becaufe,  the  different 
fubftances  can  be  accurately  afcertained.    The  late 

celebrated 
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celebrated  Bergman  firft:  made  us  acquainted  with 
this  method.  It  depends  upon  a  knowledge  of  the 
chemical  affinities  of  different  bodies  for  each  other, 
and  muft  be  varied  according  to  the  nature  of  the 
ore;  it  is  very  extenfive  in  its  application,  and  re- 
quires great  patience  and  addrefs  in  its  execution. 
To  defcribe  the  treatment  of  each  variety  of  the 
metallic  ores,  would  take  up  too  much  of  our  room ; 
for  a  more  particular  account,  I  would  refer  the  rea- 
der to  the  2nd  vol.  of  Bergman's  work,  where  he 
will  find  a  treatife  written  exprefsly  on  the  fubjeft. 
But  to  give  a  general  idea,  I  will  defcribe  the  proce- 
dure on  one  fpecies  of  all  the  different  ores. 


assay  gold  mixed  with  yellow ^  or  martial 
PYRITES,  by  the  HUMID  WAY. 

DISSOLVE  the  ore  In  12  times  its  weight  of 
dilute  nitrous  acid,  gradually  added  j  place  it  in  a 
proper  degree  of  heat;  this  takes  up  the  foluble 
parts,  and  leaves  the  gold  untouched,  with  the  infolu- 
ble  matrix,  from  which  it  may  be  feparated  by  aqua 
regia.  The  gold  may  be  again  feparated  from  the 
aqua  regia  by  pouring  aether  upon  it,  the  aether  takes 
up  the  gold,  and  by  being  burnt  off  leaves  it  in  its 
metallic  ftate.    The  folution  may  contain  iron, 

copper. 
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copper,  manganefe,  calcareous  earth,  or  argils  if  it 
be  evaporated  to  drynefs,  and  the  refiduum  heated  to 
rednefs  for  half  an  hour,  volatile  alkali  will  extract 
the  copper;  dephlogifticated  nitrous  acid,  the 
earths;  the  acetous,  the  manganefe;  and  the  ma- 
rine, the  calx  of  iron.  The  fulphur  floats  on  the 
firft  folution,  from  which  it  fliould  be  feparated  by 
filtration. 


"To  ASSAY  vitreous  SILVER  ORE,  ly  ihs 
HUMID  WAY. 

BOIL  the  ore  in  dilute  nitrous  acid,  ufing  about 
25  times  its  weight,  until  the  fulphur  is  quite  ex- 
haufted.  The  filver  may  be  precipitated  from  the 
folution  by  marine  acid,  or  com.mon  fait.  100 
grains  of  this  precipitate  contain  75  of  real  filver;  if 
jt  contain  any  gold  it  will  remain  undilTolved.  Fixed 
alkalies  precipitate  the  earthy  matters,  and  the  Pruf- 
fian  alkali  will  Ihew  if  any  odier  metal  be  contained 
in  the  folution. 


Ho  ASSAY  -vitreous  COPPER  ORE  ly  the 
HUMID  WAY. 
MAKE  a  folution  of  this  ore  in  5  times  its  weight 
of  concentrated  vitriolic  acid,  and  boil  it  to  drynefs; 

add 
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add  as  much  water  as  will  difTolve  the  vitriol  thus 
formed;  to  this  fokition  add  a  clean  bar  of  iron,  which 
will  precipitate  the  whole  of  the  copper  in  its  me- 
tallic form.  If  the  folution  be  contaminated  with 
iron,  the  copper  muft  be  re-dilTolved  in  the  fame 
manner,  and  precipitated  again.  The  fulphur  may- 
be ftparated  by  filtration. 


to  ASSAY  IRON  ORES  hy  the  HUMID  WAY. 

TO  affay  the  calciform  ores,  v/hich  do  not  contain 
much  earthy  or  ftony  matter,  they  muft  be  reduced 
to  a  fine  powder,  and  diffolved  in  the  marine  acid, 
and  precipitated  by  the  Pruffian  alkali.  A  deter- 
minate quantity  of  the  Pruffian  alkali,  muft  be  tried 
previoufly  to  afcertain  the  portion  of  iron,  which  it 
will  precipitate,  and  the  eftimate  made  accordingly. 
If  the  iron  contain  any  confiderable  portion  of  zinc 
or  manganefe,  the  precipitate  muft  be  calcined  to 
rednefs,  and  the  calx  treated  with  dephlogifticated 
nitrous  acid,  which  will  then  take  up  only  the  calx 
of  zinc ;  when  this  is  feparated,  the  calx  ftiould  again 
be  treated  either  with  nitrous  acid,  with  the  addition 
of  fugar,  or  with  the  acetous  acid,  which  will  diffdve 
the  manganefe,  if  anyj  the  remaining  calx  of  iron 
may  then  be  difiTolved  by  the  marine  acid,  and  pre- 
cipitated 
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cipltated  by  the  mineral  alkali;  or  it  may  be  farther 
calcined,  and  then  weighed. 


7b  ASSAY  TIN  ORES,  by  the  HUMID  WAY. 

THE  affay  of  tin  ores  in  tl;e  liquid  way,  was 
looked  upon  as  impradicable,  till  Bergman  devifed 
the  following  method,  which  is  generally  fuccefsful. 
Let  the  tin  ore  be  well  feparated  from  its  ftony  ma- 
trix, by  well  wafhing,  and  reduced  to  the  moft  fub- 
tle  powder  j  digeft  it  in  concentrated  oil  of  vitriol,  in 
a  ftrong  heat  for  feveral  hours,  then,  when  it  is  cooled, 
add  a  fmall  portion  of  concentrated  marine  acid, 
and  fufFer  it  to  ftand  for  one  or  two  hours ;  then  add 
water,  and  when  the  folution  is  clear,  pour  it  off,  and 
precipitate  it  by  fixed  alkali.  1 3 1  grains  of  this  pre- 
cipitate well  wafhed  and  dried,  are  equivalent  to 
100  of  tin  in  its  reguline  ftate,  if  the  precipitate 
confift  of  pure  tin ;  but  if  it  contain  copper  or  iron, 
it  muft  be  calcined  in  a  red  heat  for  an  hour,  and 
then  digefted  in  nitrous  acid,  which  will  take  up  the 
copper ;  and  afterwards  in  marine  acid,  which  will 
feparate  the  iron. 
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To  ASS  AY  LEAD  ORES  hythe  HUMID  WAY. 

GALENA. 

DISSOLVE  the  ore  by  boiling  it  in  dilute  ni- 
trous acid}  the  fulphur,  infoluble  ftony  parts,  and 
calx  of  iron  will  remain.  The  iron  may  be  feparated 
by  digeftion,  in  the  marine  acid, j  and  the  fulphur 
by  digeftion,  in  cauftic  fixed  alkali.  The  nitrous  fo- 
lution  contains  the  lead  and  filver,  which  Ihould  be 
precipitated  by  the  mineral  fixed  alkali,  and  the  pre- 
cipitate well  waftied  in  cold  water,  dried  and  weighed, 
Digeft  it  in  cauftic  volatile  alkali,  which  will  take  up 
the  calx  of  filver;  the  refiduum  being  again  dried 
and  weighed,  gives  the  proportion  of  the  calx  of 
lead.  13  2  grains  of  which  are  equal  to  100  of  lead 
in  its  metallic  ftate.  The  difference  of  weight  of  the 
precipitate  before  and  after  the  application  of  the  vo- 
latile alkali,  gives  the  quantity  of  filver,  129  grains 
of  which  are  equal  to  100  of  filver  in  its  metallic 
ftate. 


^0  ASSAY  MERCURIAL  ORES  hy  the  HU- 
MID WAY.    NATIVE  CINNABAR. 
TTHE  ftony  matrix  ftiould  be  diflblved  in  nitrous 
acid,  and  the  cinnabar  being  difengaged,  fiiould  be 

boiled 
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boiled  in  8  or  10  rimes  its  weight  of  aqua  regia,  com- 
pofed  of  3  parts  nitrous,  and  i  of  marine  acid.  The 
mercury  may  be  precipitated  in  its  running  form  by 
2inc. 


TV  ASSAY  /i;^  ORES  of  ZINC,  hy  the  HUMID 
WAY.  CALAMINE. 
DISTILL  vitriolic  acid  over  calamine  to  dry- 
nefsj  the  refiduum  muft  be.  lixiviated  in  hot  water  j 
what  remains  undiflblved  is  filiceous  earth:  To  the 
folution  add  cauftic  volatile  alkali,  which  precipi- 
tates the  iron  and  argil,  but  keeps  the  zinc  in  folu- 
tion j  as  it  is  foluble  in  vitriolic  ammoniac.  The 
precipitate  muft  be  re-dilTolved  in  vitriolic  acid,  and 
the  iron  and  argil  feparated. 


To  ASSAY  ANTIMONIAL  ORES  by  the  HU- 
MID WAY.  ARSENICATED  ANTIMONY. 

DISSOLVE  the  ore  in  aqua  regia,  both  the  re- 
gulus  and  arfenic  remain  in  the  folution,  the  fulphur 
is  feparated  by  filtration.  If  the  folution  be  boiled 
with  twice  its  weight  of  ftrong  nitrous  acid,  the  regu- 
lus  of  antimony  will  be  precipitated  by  dephlogifti- 
cation,  and  the  arfenic  converted  into  an  acid,  which 
may  be  obtained  by  evaporation  to  drynefs. 


So 
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<fo  ASSAY  ARSENICAL  ORES,  by  the  HU- 
MID WAY.  REALGAR. 
DIGEST  the  ore  in  marine  acid,  adding  the  ni- 
trous by  degrees  to  help  the  folution.  The  fijlphur 
will  be  found  on  the  filter ;  the  arfenic  will  remain  in 
the  folution,  and  may  be  precipitated  in  its  metallic 
form  by  zinc,  adding  fpirit  of  wine  to  the  folution. 


To  ASSAY  BISMUTH  ORE,  by  HUMID 

WAY. 

BISMUTH  is  eafily  foluble  in  nitrous  acid  or 
aqua  regia.  Its  folution  is  colourlcfs,  and  is  precipit- 
able  by  the  addition  of  pure  water.  1 1 8  grains  of 
the  precipitate  from  nitrous  acid,  well  wafhed  and 
dried,  are  equal  to  lOO  ofbifmuthin  its  metallic 
form. 


ASSAY  COBALTIC  ORES,^;'  the  HUMID 
WAY.    GREY  COBALT  ORE. 

MAKE  a  folution  of  the  ore  in  nitrous  acid,  or 
aqua  regia,  and  evaporate  to  drynefs;  the  refiduum 
treated  with  the  acetous  acid,  will  yield  to  it  the  co- 
balticpart;  the  arfenic  fliould  be  firft  precipitated 
by  the  addition  of  water, 
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To  ASSAY  NICKEL  ORES  by  the  HUMID 
WAY.  NUPFERNICKEL. 
THE  aflay  of  thefe  ores  in  the  humid  way,  is  as 
yet  very  impei  fed.  By  folution  in  nitrous  acid,  it  is 
freed  from  its  fulphurj  and  by  adding  water  to  the 
folution,  bifmuth,  if  any,  may  be  precipitated;  as  may 
filver  if  contained  in  it,  by  the  marine  acid;  and  cop- 
per, when  any  by  iron.  To  feparate  cobalt  from 
nickel,  when  the  cobalt  is  in  confiderable  quantity, 
Gerhard  advifes  to  drop  a  faturated  folution  of  the 
roafted  ore  in  nitrous  acid  into  liquid  volatile  alkali; 
thecobaltic  part  is  inftantly  re-dilTolved,  and  alTumes 
a  garnet  coloqr;  when  filtered  a  grey  powder  re- 
mains on  the  filter,  which  is  the  nickel.  The  co- 
balt may  be  precipitated  from  the  volatile  alkali  by 
any  acid. 


^0  ASSAY  MANGANESE  ORES  by  the  HU- 
MID WAY. 
THE  ores  fhould  be  well  roafted  to  dephlogif- 
ticate  the  calx  of  manganefe  and  iron,  if  any,  the^ 
treated  with  dephlogifticated  nitrous  acid  to  diffoive 
the  earths.  The  refiduum  flionld  then  be  treated 
with  nitrous  acid  and  fugar,  by  which  means  a  co- 
lourlefs  folution  of  manganefe  will  be  obtained,  and 
likewife  of  the  iron,  if  any.  Precipitate  with  the 

G  Pruflian 
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Pruffian  alkali,  anddigeft  the  precipitate  in  pure  wa- 
ter j  the  Pruffian  manganefe  will  be  diflblved,  and  the 
Pruffian  iron  remain  undiffolved. 

In  the  affay  of  the  metallic  ores  above  mentioned 
by  the  humid  way,  the  circumftances  attending  it  are- 
very  various,  yet  with  a  proper  attention  to  the  ex- 
amples given,  the  affayer  will  be  enabled  by  his  own 
reflexion  to  adapt  the  proper  means  for  affaying 
thofe  ores  which  are  not  noticed. 

In  affaying,  we  are  at  liberty  to  ufe  the  moft  ex- 
penfive  materials  to  effeft  our  purpofe,  hence,  the 
ufe  of  different  faline  fluxes   but  in  the  working  at 
large,  fuch  expenfive  means  cannot  be  applied j  as 
by  fuch  proceffes  the  inferior  metals  would  be  too 
much  enhanced  in  value,  efpecially  in  working  very 
poor  ores.    In  confequence  of  which,  in  fmelting 
works,  where  the  objeft  is  the  production  of  metals 
in  the  great,  cheaper  additions  are  ufed ;  fuch  as  lime- 
ftone,  feldt-fpar,  fluor-fpar,  quartz,  fand,  flate,  and 
flags.    Thefe  are  to  be  chofen  according  to  the  dif- 
ferent views  of  the  operator,  and  the  nature  of  the 
ores.    Thus,  iron  ores  on  account  of  the  argillaceous 
earth  they  contain,  require  calcareous  additions,  and 
the  copper  ores,  rather  flags  or  vitrefcent  ftones,  than 
calcareous  earth.    The  general  procedure  is  the 
fame  as  affaying  in  the  dry  way,  and  the  operations 
carried  on  in  the  fmelting  works,  depend  on  the  very 
fame  principles. 


PART 
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OF  METALS  AND  METALLIC 
COMPOUNDS. 


TH  E  working  of  ores  is  to  extrad  their  me- 
tals. 

The  metals  at  prefent  accurately  knowDj  are  17 
in  number,  and  may  be  thus  arranged : 

MALLEABLE, 

Copper 
Lead 
Iron 
Zinc 

NOT  MALLEABLE. 

Manganefe 
Nickel 
Bifmuth 
Antimony 
Cobalt 
Acidifiable 
Arfenic 
Tin* 

Molybdena 
Tungften 

To  this  lift  of  metallic  fubftances  have  been  added, 
Firft,  Siderite.    Mr.  Monnet  firft  diftinftly  men- 
tioned this  fubftance  in  his  mineralogy,  printed  in 


en 

►J 

< 
E- 
w 

S 

n 
O 


Pla)(tina 

Gold 

Silver 


Quickfilver 


*  Tin  when  it  is  reduced  is  very  malleable. 
G3 
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1779.  It  was  afterwards  developed  in  its  principal 
properties  by  Meyer  and  Bergman. 

It  is  principally  found  in  iron  of  the  firft  fufion,  or 
cafl:  iron,  and  in  the  ores  of  cold  fhort  iron.  To  ob- 
tain it,  the  caft  iron  muft  be  diffolved  in  dilute 
vitriolic  acid;  the  folution  after  {landing  fome 
hours  will  depofit  a  white  calx,  if  fiderite  be  contained 
in  it,  one  pound  of  the  iron  will  fometimes  afford 
12  drachms  of  this  calx,  whofe  natural  colour  is 
white,  but  it  is  generally  tinged  brown  or  yellow, 
from  a  mixture  of  the  calx  of  iron.  Bergman  pu- 
rifies it,  by  abftrafting  the  nitrous  acid  over  it,  which 
dephlogifticates  the  iron,  and  leaves  the  fiderite  folu- 
ble  in  the  mineral  acids,  but  not  in  the  acetous. 

It  is  reduced  to  aregulus  by  melting  it  with  half 
its  weight  of  borax,  lining  the  crucible  with  char- 
coal dull  and  clay,  and  expofing  it  to  a  forge  fire 
for  3-4  of  an  hour.  The  regulus  is  of  a  fteel  grey 
color,  and  exceedingly  brittle ;  not  magnetic  in 
fmall  pieces,  but  (lightly  fo  when  powdered.  But 
Meyer  and  Scheele  have  fince  proved  that  fiderite  is 
only  iron  combined  with  phofphoric  acid. 

Secondly,  Saturnite.  It  is  faid  by 'Mr.  Monnetto 
be  found  in  the  lead  mines  of  Poullaoven  in  Brit- 
tany, and  is  feparated  from  the  lead  ore  during  torre- 
fa£tion.  Itrefufes  to  mix  with  lead  when  in  fufion. 
It  is  not  at  prefent  well  known. 


But 
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But  an  analyfis  of  faturnite  has  fince  been  given 
by  Haflenfratz  and  Giroud,  in  the  Journal  be  Phy- 
fique,  for  January  1786,  from  which  it  is  faid  to 
conlift  of  I 

lb.     oz.   gros.  grs. 

Lead    —  40    13    6     6  French  weight 
Copper      31      4    o     o  . 
Iron     —  4120 
Silver  —    o     2    i  66 
Sulphur     23    10    6  o 
Monnet  denies  that  this  alloy  is  the  fulDftance  he 
noticed. 

Thirdly,  A  new  femi-metal  has  been  lately 
difcovered  by  Mr.  Klaproth,  of  Berlin,  in  the 
Pechblende,  an  ore  containing  filver  and  zinc,  mi- 
neralized by  fulphur,  and  in  the  green  Saxon  glim- " 
mer.  The  difcoverer  calls  it  uranite.  It  is  more 
difficult  to  reduce  than  manganefe,  it  has  little  me- 
tallic fplendor,  is  moderately  hard,  and  gives  porce- 
lain a  yellow  colour. 


On  METALS. 

UNDER  this  general  term,  we  comprehend 
not  only  the  metals,  properly  fo  called,  but  alfo  the 

G  4  femi- 
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femi-metals.  They  are  divided  into  two  clafles, 
viz.  Firft,  noble,  which  confifts  of  platina,  gold,  and 
filverj  and  fecondly,  bafe,  which  confifts  of  copper, 
lead,  iron,  tin,  bifmuth,  nickel,  arfenic,  antimony, 
cobalt,  manganefe,  zinc,  molybdena,  Tungften,  and 
quickfilvef.  Metallic  matters  form  a  clafs  no', 
very  numerous,  but  of  very  great  importance  in  che- 
miftry,  medicine,  and  the  arts. 

In  fearching  for  charaftefs  to  diftinguifh  metals 
from  other  fubftances,  their  opacity  and  fpecific  gra- 
vity muii  appear  ftriking.  They  are  the  heavieft 
bodies  in  nature,  as  proved  by  hydroftatical  expe>. 
rlments,  though  they  differ  much  among  them- 
felves  in  this  refpedt  j  they  always  entirely  oppofe 
the  paffage  of  the  rays  of  light,  and  refleft  a  part 
of  them  from  their  furfaces;  if  they  be  expofed  to 
the  fire,  they  fufe  with  more  or  lefs  difficulty,  and 
on  cooling  recover  their  former  confiftence.  They 
fometimes  aflume  after  a  perfeft  fufion,  and  being 
fuffered  to  cool  gently,  regular  arrangements,  which 
are  peculiar  in  every  different  metallic  fubftance. 


ATa- 


THE  METALLIC  ARTS. 


\ 

89 


A  TABLE  of  the  fpecific  Gravities  of  the  dif- 
ferent Metals,  and  of  the  degree  of  Heat  at 
which  they  feveraliy  fufe,  reduced  to  Fahrenheit's 
Scale  by  Bergman. 


Specific  Gravity. 


Metala. 


Fine  Gold 

19.640 

Plarina 

Standard  Gold 

18.888 

Fine  Gold 

Guinea  Gold 

Silver 

Moidore  Gold 

17.140 

Quickfilver 

Platina 

21.000 

Lead 

Silver 

10.552 

Copper 

Quickfilver 

14,1 10 

Iron 

Lead 

11.352 

Tin 

Copper 

8.876 

Bifmuth 

Iron 

7.80 

Nickel 

Tin 

7.264 

Arfenic 

Bifmuth 

9,670 

Cobalt 

Nickel  pure 

9.000 

Zinc 

Arfenic 

"8.308 

Antimony 

Cobalt 

7.700 

Manganefe 

Zinc 

6.862 

Antimony 

6.860  : 

Manganefc 

.  6.850 

Melt. 


lO^t'' 
1000** 
40' 

595^ 

i6oi« 

415* 
490  <? 
io6i» 

1601'^  i 
699^ 
809" 
very  great 


A  TABLE 
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A  TABLE  fliewing  the  Order  of  Malleabi- 
lity, and  the  Degree  of  Tenacity  of  the  dif- 
ferent Metals,  with  the  Quantity  of  Phlogifton 
they  contain. 


Degree  of  Tenacity.       Quantity  of  Phlogifton* 


Malleability. 

Gold 

Silver 

Copper 

Tin 

Iron 

Lead 

Zinc 


500 

270 
299^ 

450^ 
29? 


Platina 

Gold 

Iron 

Copper 

Cobalt 

Manganefe 

Zinc 

Nickel 

Antimony 

Tin 

Arfenic 

Silver 

Mercury 

Blfmuth. 

Lead 


756 

394 
342 
312 
270 
227 
182 
156 
120 
1 14 
109 
100 
74 
57 
43 


Metals  poffefs  a  certain  brilliancy  and  fplendor 
peculiar  to  themfelves,  which  chemifts  call  metallic 
luftre,  this  property  feems  intimately  connefted  with 
their  opacity.  When  expofed  to  the  aftion  of  heat 
and  air,  all  of  them,  except  gold  and  filver,  lofe  that 
fplendor,  and  are  converted  into  calces,  in  which 
ftate,  they  poffefs  many  of  the  properties  of  the 
fimple  earths.    Other  qualities  peculiar  to  metallic 

fubftances. 
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fubftances,  are  malleability  and  dudility;  by  which  is 
meant,  firft,  the  power  of  extending  tlieir  furfaces, 
by  pairing  them  through  rollers,  by  the  hammer, 
&c.  and  fecondly,  t-lkir  capability  of  being  drawn  into 
wire.  They  are  all  foluble  in  acids,  but  fome  of 
them  require  particular  treatment.  Metals  are 
heated  more  fpeedily,  and  cool  again  more  quickly, 
than  any  other  bodies  expofed  to  the  fame  tempe- 
rature. From  the  experiments  of  Dr.  Ingenhouz, 
it  appears  that  their  power  of  conducing  heat  is  in 
*the  following  order,  viz.  filver,  coppei",  gold,  tin, 
iron,  fteel,  lead. 

Various  have  been  the  opinions  of  chemifts,  re- 
fpefting  the  conftituent  parts  of  metals  j  three  of  the 
moft  modern  and  beft  received  will -be  Mentioned, 
viz. 

Firft,  That  metals  are  compofed  of  peculiai- 
earths  united  to  phlogifton. 

Secondly,  That  they  are  compofed  of  peculiar 
acids  united  to  phlogifton;  and 

Thirdly,  That  with  refpeft  to  our  prefent  know- 
ledge, metals  ought  to  be  looked  upon  as  fimplc 
fubftances,  compofed  of  homogeneous  parts. 

Chemifts  in  their  experiments  on  metals,  found, 
that  by  expofing  them  to  the  aftion  of  heat,  they 
underwent  a  change,  by  which  they  acquired  new 
properties.    This  change  they  conje<5tured  to .  pro- ' 
ceed  from  the  feparation  of  a  volatile  principle, 

1  f 
*  irom 
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from  the  more  fixed  part  or  calx,  becaufe,  on  the  ad- 
dition of  any  fubilance  v/hich  contained  this  volatile 
principle  or  phlogifton,  it  united  with  the  calx  of 
the  metal,  and  perfeftly  reduced  it.  This  principle, 
though  admitted  by  chemifts,  never  could  be  exhi- 
bited in  any  form;  to  account  for  which,  it  was  faid 
that  immediately  on  its  extrication,  it  united  itfelf  to 
other  bodies,  and  formed  a  new  compound,  but  its 
exiftence  and  identity,  were  proved  by  making  a  fo- 
lution  of  dbpper  in  dilute  vitriolic  acid,  and  preci- 
pitating the  copper  in  its  metaUic  form  by  the  addi- 
tion of  iron  ;  the  phlogifton  of  the  iron  during  its 
folution  united  with  the  calx  of  the  copper,  and  re- 
vive it  with  all  its  metallic  luftre. 

The  fecond  opinion  is  founded,  on  procuring  ra- 
dical acids,  by  diffipating  the  phlogifton  of  fome  of 
the  imperfe£t  metals;  for  after  the  metals  are  aci- 
.dified,  they  become  fo  fixed  that  no  farther  change 
can  be  procured;  but  on  the  addition  of  any  phlo- 
o-iftic  fubftance,  thefe  acids  are  converted  into  me- 
tals. 

The  third  opinion  is  fupported  by  Mr.  Lavoifier, 
and  all  the  French  academicians.  They  deny  that 
metals  contain  the  principle  of  phlogifton,  and  look 
upon  it  as  a  creature  of  the  imagination.  It  was 
from  the  following  experiment,  that  Mr.  Lavoifier 
firft  propofed  his  doubts  on  that  principle;  he  dif- 
folved  a  quantity  of  quickfilver  in  a  determinate 

quantity 
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quantity  of  nitrous  acid,  after  the  folution,  he  dif- 
tilled  to  drynefsyi  when  he  found  a  red  precipitate, 
and  by  urging  the  fire  farther,  he  recovered  quick- 
filver  without  any  addition,  in  a  metalHc  ftate;  on 
examination  of  the  vapour  in  the  receiver,  he  found 
it  to  be  nitrous  air,  and  what  was  expelled  from  the 
red  precipitate,  was  the  bafe  of  dephlogifticated  air, 
from  which  experiment  he  inferred,  firft,  that  from 
the  folution  of  the  quickfilver  in  the  nitrous  acid, 
the  only  change  which  took  place,  was  the  decom- 
pofition  of  the  nitrous  acid.  Secondly,  that  the  acid 
is  compofed  of  two  parts,  viz.  nitrous  air,  and  the 
bafe  of  dephlogifticated  air^  and  thirdly,  that  the  cal- 
cination of  the  quickfilver,  was  in  confequence  of  the 
metal  depriving  the  acid  of  its  acidifying  principle, 
or  dephlogifticated  air,  becaufe,  by  dcftroying  the 
affinity  between  the  precipitate  and  dephlogifticated 
air,  the  metal  was  reftored. 

This  experiment  was  corroborated  by  others, 
particularly  by  calcining  metals  with  a  burningglafs, 
in  a  determinate  quantity  of  air,  when  it  was  found 
that  the  calcination  proceeded  in  proportion  to  the 
quantity  of  pure  air  which  was  contained,  and  that 
when  the  metal  had  abftrafted  the  whole  quantity  of 
pure  air,  no  farther  calcination  could  be  promoted. 

The  .phlogiftians  in  anfwer  to  the  firft  experi- 
ment, obferve,  that  Mr.  Lavoifier  has  not  proved 
that  the  quickfilver  during  its  foludon  gave  out  no 

phlogifton. 
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phlogifton,  which  uniting  with  the  bafis  of  the  ni- 
trous acid,  formed  the  nitrous  air  j  on  the  contrary, 
Mr.  Kirwan  has  endeavoured  to  prove  that  phlo- 
gifton  is  a  conftituent  part  of  the  nitrous  air ;  if  fo, 
the  metal  muft  have  given  out  phlogifton  during  its 
folution,  or  elfe  no  nitrous  air  could  have  been  pro- 
duced. Asa  proof  that  metals  give  out  phlogifton  dur- 
ing their  folution,  the  following  experiment  is  ftrongly 
urged,  viz.  make  a  folution  of  iron  in  dilute  vitriolic 
acid,  during  the  folution  a  vapor  is  extiicated, 
which  is  called  inflammable  airj  upon  examination 
of  this  vapor,  it  poffelTes  all  the  properties  of 
Stahi's  phlogifton.  In  this  experiment  the  only 
change  which  takes  place  is  in  the  metal,  4Decaufe 
the  vitriolic  acid  which  is  united  to  the  calx  of  the 
metal,  requires  the  fame  quantity  of  alkali  to  faturate 
it,  as  an  equal  portion  of  uncombined  dilute  vitriolic 
acid  would,  and  on  the  immediate  application  of  an 
alkali  it  leaves  the  iron,  and  unites  with  it,  forming 
a  vitriolated  tartar,  which  could  not  be  the  cafe  if 
the  acid  were  altered  during  the  folution.  This 
fa6l  reduced  the  French  academicians  into  a  di- 
lemma, from  which  they  could  not  for  fome  time 
extricate  themfelves. 

During  this  embarraffment,  Mr.  Cavendifti,  by 
taking  the  eledric  fpark  in  certain  proportions  of 
dephlogifticated  and  inflammable  airs,  found,  that 
by  an  union  fo  promoted,  the  produd  was  water. 

The 
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The  academicians  taking-  advantage  of  this  difco- 
very,  applied  it  for  the  elucidation  of  their  own  fyf- 
tein,  and  then  eafily  accounted  for  the  produdion 
of  inflammable  air,  from  a  fokition  of  iron  in  the  di- 
lute vitriolic  acid,  by  declaring  that  the  water  which 
diluted  the  vitriolic  acid  was  decompofed,  the  de- 
phlogillicated  air  uniting  with  the  calx  of  the 
iron,  while  the  inflammable  air  was  fet  at  hberty. 
To  fupport  which  opinion,  Mr.  Lavoifier  mixed 
fome  iron  filings  with  water,  and  whatever  was  ex- 
tricated was  caught  by  pafling  through  quicldilver; 
the  vapor  was  found  to  be  inflammable  airj  pro- 
duced, as  Mr.  Lavpifier  fuppofed,  from  the  decom- 
pofition  of  that  portion  of  water  neceflary  to  calcine 
the  iron.  As  the  component  parts  of  water  had 
been  afcertained  by  Synthefis,  before  he  could  efta- 
blifh  his  opinion  with  the  leaft  degree  of  plaufibility, 
it  became  abfoiutely  neceflary  that  he  fhould  Ihew, 
that  water  could  be  decompofed,  for  it  never  had 
been,  and  therefore  whatever  he  advanced  was  merely 
conjedural.  To  efl:ablifh  which,  an  experiment 
was  made  before  fome  of  the  academicians,  by 
pafling  water  drop  by  drop  through  a  red  hot  gun 
barrel,  properly  prepared,  and  with  an  apparatus  ap- 
pended to  colled  whatever  might  pafs  during  the 
procefs.  The  vapour  extricated  was  found  to  be 
inflammable  air,  and  the  internal  furface  of  the  bar- 
rel was  in  a  ftate  of  calcination.    By  weighing  the 

barrel 
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barrel  previous  to  and  after  the  experiment,  the 
weight  gained  by  the  calcination  was  afcertained, 
which  added  to  the  inflammable  air,  and  to  the  re- 
maining water,  made  up  the  exa6t  weight  of  the 
water  before  the  experiment.  But  to  make  this  ex- 
periment  as  unexceptionable  as  poflible,  they  took 
the  fame  weight  of  dephlogifticated  air  as  the  gun 
barrel  had  gained,  and  added  it  to  the  fame  inflam- 
mable air  which  had  been  colle6led,  and  by  expofing 
them  in  a  proper  apparatus  to  a  red  heat,  they  reco- 
vered the  water  which  had  been  decompofed.  This 
experiment  was  looked  upon  as  decifive,  and  their 
opinion  as  firmly  efl:ablifhed.  Admitting  the  decom- 
poficion  and  re-compofition  of  water  to  be  fully 
proved  in  a  red  heat,  how  can  this  experiment  be 
applied  with  any  force  to  the  decompofition  of  wa- 
ter, in  a  folution  of  iron  in  the  dilute  vitriolic  acid  ? 
Bodies  will  unite  together  with  different  degrees  of 
cohefion,  and  form  refults  accordingly  j  but  it  re- 
quires always  the  fame  degree  of  power  to  produce 
invariable  compounds ^  the  nitrous  acid. unites  with 
different  portions  of  phlogiflon,  and  forms  the  yellow, 
the  orange,  or  the  green  coloured  acid.  It  mufl  be 
fuppofed  that  the  nitrous  acid  at  thofe  marked  va- 
rieties, muft  exert  different  degrees  of  attraftion  for 
phlogifton,  v.  hich  is  analogous  to  a  well  known  che- 
mical faft,  that  the  facility  with  v/hich  bodies  are 
decompofed,  is  according  to  the  proportion  of  their 

conflituent 
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Conftituent  paltsi  now,  as  the  different  coloured 
nitrous  acid  is  influenced,  by  the  different  degrees 
of  cohefion  between  its  conftituent   parts,  each 
portion  and  power  producing  a  diftinft  variety;  fd 
different  portions  of  dephlogifticated  and  inflam- 
mable airs,  will  form  difl:in6t  varieties,  according  to 
the  proportion  of  conftituent  parts  and  power  of  at- 
tradion  between  them,  fo  that  one  marked  variety, 
viz.  water,  can  only  be  produced  by  the  power  re- 
fuking  from  expofing  the  parts  to  a  red  heat^  and 
if  different  varieties  do  refult  from  fuch  circum- 
ftances,  different  degrees  of  power  are  neceflary  for 
their  decompofldonj  and  as  water  has  been  only  de- 
compofed  by  a  red  heat,  aided  by  the  attradion  of 
the  iron  to  the  oxigene,  we  do  not  fee  how  water 
can  be  decompofed  with  only  the  heat  producedj  by 
the  folution  of  iron  in  vitriolic  acid,  aflifted  by  no 
greater  attradlion  than  when  the  decompofition  re- 
quired a  red  heat! 


On     G  O  L  D, 
GOLD  is  a  metal  moderately  hard>  of  a  bright 
yellow  color  when  pure.    It  acquires  rigidity  be- 
neath the  hammer,  and  becomes  foft  again  by  an- 
nealing; which  is  performed  by  heating  it  red  hot  in 

H  charcoal. 


98  CHEMICAL  PRINCIPLES  OF 

charcoal,  and  fuffering  it  to  cool  gradually.  Mixed 
with  different  alloys  its  color  varies.  It  is  the  moft 
duftile  of  all  the  metals-,  as  well  as  the  moft  tena- 
cious. A  wire  i-io  of  an  inch  in  diameter,  will- 
fupport  a  weight  of  5dolb.  without  breaking.  The 
fpecific  gravity  of  fine  gold  is  19.640.  When  ex-  ' 
pofed  to  the  fire  it  reddens, long  before  it  melts,  when- 
at  the  point  of  fufion  it  takes  a  fea  green  hue.  If  it 
be  ever  fo  long  expoled  to  fire,  it  undergoes  no  al- 
feration.  Air  and  water  have  no  aftion  Upon  it, 
neither  has  fiilphur  nor  fixed  alkali.  Its  proper  fol- 
Vent  is  aqua  regia,  or  d'ephlogifticated  marine  acid, 
though  liver  of  fulphur,  by  a  particular  treatment, 
will  diflblve  it. 

The  principal  ufes  of  gold  are  well  known,  h 
IS  found  ufeful  for  various  ornaments,  from  its  luf- 
tre,  beauty,  and  indeftruftible  quality.  When  ap- 
plied by  the  art  of  gilding,  much  external  beauty, 
heatnefs,  andrichnefs,  is  given  to  many  utenfils  and 
toys.  Its  calx  gives  a  fine  colour  for  enamel,  glafs, 
and  porcelain  painting;  It  is  likewife  ufed  for  dif- 
ferent coins. 

To  dijfolve  Gold  in  Aquor  Regia. 
-TAKE  an  aqua  regia,  compofed  of  2  parts  of  nitrous 
^cid,  and  i  of  marine  acid,  or  of  i  part  offal  iammo-. 
niaci  and  4  parts  of  aqua  fortis;  let  the  gold  be  gra- 
riulatedj  put  into  a  fufHcient  quantity  of  this  men- 

4.  ftruum. 
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ftruum';  and  expofed  to  a  moderate  degree  of  heat.. 
During  the  folution  an  effervefcence  takes  place,  and 
It  acquires  a  beautiful  yellow  colour,,  which  becomes 
more  and  more  intenfe,  till  It  has  a  golden,,  or  even 
orange  colour.  When  the  menftruum  is  faturated 
it  is  very  clear  and  tranfparent.^ 

Gilding  hy  diffoMng  Gold  in  JquaRegta. 
FINE  linen  rags  are  foaked  in  a  faturated  folu-* 
tion  of  gold  in  aqua  regia,  gently  dried,  and  after- 
wards burnt  to  tinder.  The  fubftance  to  be  gilt 
muft  be  well  poJIlhedj  a  piece  of  cork  is  firft  dipped, 
into  a  folution  of  common  fait  in  water,  arid,  after- 
wards into  the  tinder,  which  is  well  rubbed  oni  the- 
furface  of  the  metal  to  be  gilt,  and  the  gold  appears  in. 
all  its  metallic  luftre. 

Oilding  cf  Iron  or  Steel  niii^  a  Solution  of  Gold! 
MAKE  a  folutiori  of  eight  ounces  of  nitre  and- 
common  fait,  with  five  ounces  of  crude  alum  in.  a„ 
flifficient  quantity  of  water;  diflblve  half  an  ounce - 
of  gold  thinly  plated  and  cut;  and  afterwards  evapo- 
rate to  dryjiefs.  DIgeft  the  refiduura  in  reaified  fpirit  ; 
cfwine  orasther,  which  will  perfeftly  abft raft  the.; 
gold.  The  iron  is  bruflied  over  with  this  folution, 
and:  becomes  immediately  gilt» 


Ha 
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For  Grecian  Gilding. 

EQUAL  parts  of  fal  ammoniac  and  corrofivc 
Sublimate,  are  diffolved  in  fpirit  of  nitre,  and  a  folu- 
tion  of  gold  made  with  this  menftruum.  The  filver  is 
bruflied  over  with  it, 'which  is  turned  black,  but  oh 
cxpofure  to.  a  red  heat,  it  alTumes  the  colour  of  gold. 

theory  of  Gilding  with  a  Solution  of  Gold  in  Aqua 

Regia. 

WHEN  gold  is  diflblved  in  aqua  regia,  and  the 
folution  applied  to  another  metal,  the  aqua  regia  im- 
mediately attacks  that  metal,  and  dififolves  a  portion 
of  it;  while  its  phlogifton  revives  the  calx  of  gold, 
which  is  attached  to  the  fiirface  by  the  attra6tion  of 
cohefion  fubfifting  betweexi  the  metals.  If  the 
phlogifton  be  in  a  proper  quantity,  the  gold  appears 
with  its  metallic  luftre;  but  if  fuper-abundant,  it  ap- 
ipears  black j  till  by  heat  a  part  is  evaporated,  and 
then  the  gold  appears  with  all  its  brilliancy. 

If  a  folution  of  gold  in  aqua  regia  be  evaporated, 
.cryftals  will  be  formed,  which  are  called  Crystals 
OF  Gold. 

'  Gold  may  be  diflblved  in  liver  of  fulphur  in  the 
ary  wayj  by  which  it  becomes  foluble  in  water.  The 
method  is  as  follows,  viz.  make  a  liver  of  fulphur, 
by  fufing  equal  parts  of  fulphur  and  fixed  alkali  in 

acru- 
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a  crucible  with  a  moderate  heat,  till  the  mafs  con- 
geals and  acquires  a  red  colour  j  to  which  muft  be 
added  gold  leaves,  and  the  whole  fufed  quickly;  the 
gold  will  be  attacked  by  the  liver  of  fulphur,  and 
foon  difappear.  If  the  liver  of  fulphur  thus  impreg- 
nated with  gold  be  diflblved  in  water  and  filtered, 
the  gold  will  pafs  the  filtering  paper  in  a  ftate  of  fo- 
lution. 

This  gold  may  be  recovered  from  the  folutionj 
by  the  addition  of  any  acid,  which  feizes  upon  the 
alkali,  and  precipitates  the  gold  and  fulphur  of  a  ycU 
low  colour.  On  the  application  of  heat,  the  fuU 
phur  burns  away  and  leaves  the  metal  pure. 

Gold  diiTolved  in  aqua  regia,  may  be  precipitated 
both  by  fixed  and  volatile  alkali,  but.  with  this  dif- 
ference; viz.  that  the  calx  produced  by  fixed  alkalies, 
does  not  explode  when  applied  to  heat;  but,  on  the 
contrary,  if  the  precipitate  be  made  with  volatile  al- 
kali, and  afterwards  well  wafhed  and  dried,  on  expo- 
fure  to  heat  it  goes  off  with  a  very  great  explofion. 
This  is  called  fulminating  Gold,  and  is  one  oi^ 
the  moft  curious  phenomena  in  chemiftry. 

Gold  has  an  affinity  to  all  the  metals,  particularly 
quickfilver,  by  which  union  artifts  gild  by  amalga-^ 
jriation. 


Hj  To 


CHEMICAL  PRINCIPLES  OF 


31?  make  the  Amalgam. 
A  quantity  of  quickfilver  is  put  into  a  crucible  or 
iron  ladle,  which  is  lined  with  clay,  and  expofed  to' 
heat  till  it  begins  to  fmoke.    The  gold  to  be  mixed 
Ihould  be  previoufly  granulated  and  heated  red  hot; 
when  it  Ihould  be  added  to  the  quickfilver,  and' 
ftirred  about  with  an  iron  rod  till  it  is  perfedlly  dif- 
folved.    Jf  there  fhould  be  any  fuperfluous  mer- 
cury, it  may  be  feparated  by  paffing  it  through 
clean  foft  leather;  and  the  remainin^^malgam  will 
have  the  confiftence  of  butter,  and  contain  about' 
three  parts  of  mercury  to  one  of  gold. 

'To  gild  by  Amalgamation. 
THE  metal  to  be  gilt  is  previoufly  well  cleaneii 
on  its  furface  by  boiling  it  in  a  weak  pickle^,  which, 
is  a  very  dilute  nitrous  acid.    A  quantity  of  aqua 
fortis  is  poured  into  an  earthen  veffel,  and  quickfilver' 
put  therein ;  when  a  fufficient  quantity  of  mercury  is 
diflblvedj  the  articles  to  be  gUt  are  put  into  the  folu- ' 
tion  and  ftirred  about  with  a  brufti  till  they  become 
white.    This  is  called  quicking.    But,  as  during 
quicking  by  this  mode,  a  noxious  vapour  continu- 
ally arifes,  which  proves  very  injurious  to  the  health 
of  the  workmen;  they  have  adopted  another  me- 
thod, by  which,  they,  in  a  great  meafure  avoid 

tliat 
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that  danger.  They  now  diflblve  the  quickfilver  in 
a  bottle  containing  aqua  fortis,  and  leave  it  in  the 
open  aii:  during  the  folution,  fo  that  the  noxious 
vapor  efcapes  into  the  air.  Then  they  pour  a  little 
of  this  folution  into  a  bafon,  and  with  a  bruflTi  dipped 
therein,  ftroke  over  the  furface  of  the  metal  to  be 
gilt,  which  immediately  becomes  quicked;  the  amal- 
gam is  now  applied  by  one  of  the  following  me- 
thods, viz.  firft,  by  proportioning  it  to  the  quantity 
of  articles  to  be  gilt,  and  putting  them  into  a  hat 
together,  working  them  about  with  a  foft  brulh,  till 
the  amalgam»is  uniformly  fpread ;  or,  fecondly,  by 
applying  a  portion  of  the  amalgam  upon  one  part, 
and  fpreading  It^  on  the  furface,  if  flat,  by  working 
itaboutwith  a  harder  brufli.  The  work  thus  managed 
is  put  into  a  pan,  and  expofed  to  a  gentle  degree  of 
heatj  when  it  becomes  hot,  they  frequently  put  it 
into  a  hat,  and  work  it  about  with  a  painter's  large 
brufh,  to  prevent  an  irregular  diffipation  of  the  mer- 
curyj  till  at  lafl:  the  quickfilver  is  intirely  dilTipated  by 
a  repetition  of  the  heat,  and  the  gold  is  attached  to 
the  furface  of  the  metal.  This  gilt  furface  is  well 
cleaned  by  a  wire  brufli,  and  then  artiflis  exalt  the 
color  of  the  gold  by  the  application  of  various  com- 
pofitions;  this  part  of  the  procefs  is  called  color- 
ing. I  have  felefted  the  following,  which  are  as 
good  as  can  be  obtained  for  the  purpofe. 

H  4  ^  PTax 
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A  Wax  to  exalt  the  color  of  red  Gold. 
TO  four  ounces  of  melted  yellow  wax,  add  \^ 
fine  powder,  one  ounce  and  a  half  of  red  oker  \  one 
ounce  and  a  half  of  verdigrife,  calcined  till  it  yields 
no  fumes ;  and  half  an  ounce  of  calcined  borax,  mix 
them  weir  together.  It  is  neceflary  to  calcine  the 
verdigrife,  or  elfe  by  the  heat  applied  in  burning  off 
the  wax,  the  vinegar  becomes  fo  concentrated  as  to 
corrode  the  furface,  and  make  it  appear  fpecked, 

'To  exalt  the  color  of  yellow  Gold. 
SALTPETRE  fix  ounces,  green  copperas  two 
ounces,  white  vitriol  and  alum  of  each  one  ounce.  If 
it  be  wanted  redder,  a  fmall  portion  of  blue  vitriol 
muft  be  added.  Thefe  are  to  be  well  mixed,  an4 
diffolved  in  water  as  the  colorifh  is  wanted, 

3" 3  exalt  the  color  of  green  Gold-. 

TAKE  faltpetre  one  ounce  ten  dwts.  fal  am- 
moniac, one  ounce  four  dwts.  Roman  vitriol 
one  ounce  four  dwts.  and  verdigrife  eighteei? 
dwts.  mix  them  well  together,  and  diffolve  a  por- 
tion of  it  in  water  as  occafion  requires. 

The  work  muft  be  dipped  in  thefe  compofitions ; 
applied  to  a  proper  heat  to  burn  them  offj  and  then 
they  fhould  be  quenched  in  water  or  vinegar. 

Gilding 
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Gilding  in  Colors. 

THE  principal  colors  of  gold  for  gilding  are 
red,  green,  and  yellow.  Thefe  ftiould  be  kept  in 
different  amalgams.  The  part  which  is  to  remain 
of  the  firft  colour,  is  to  be  flopped  off  with  a  compo- 
fitionofchalkandgluej  the  variety  required  is  pro- 
duced, by  gilding  the  unftopped  parts  with  the  pro- 
per amalgam,  according  to  the  ufual  mode  of  glid- 
ing- 

Sometimes  the  amalgam  is  applied  to  the  fur- 
face  to  be  gilt,  without  any  quicking,  by  fpreading  it 
with  aquafortis  J  but  this  depends  on  the  fame  prin- 
ciple as  a  previous  quicking. 

Theory  of  gilding  by  Amalgamation, 

WHEN  a  folution  of  quickfilver  in  the  nitrous 
acid  is  applied  to  the  furface  of  copper,  a  decompo- 
fition  takes  place^  the  nitrous  acid  dilTolves  the  cop- 
per, and  precipitates  a  coat  of  quickfilver;  fo  when 
the  amalgam  is  applied  without  a  previous  quicking, 
a  part  of  the  aqua  fortis  dilTolves  a  portion  of  quick- 
filver in  the  amalgam,  which  coming  into  contradt 
with  the  copper,  precipitates  the  mercury.  The 
amalgam  being  now  applied,  is  eafily  dilTufed  over 
the  whole  furface,  by  the  mutual  attradion  fubfifting 
^etweenthe  metalsi  but  on  the  application  of  heat, 

the 
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the  quickfilver  being  fo  very  volatile,  is  evaporated 
away,  while  it  leaves  the  gold  as  being  a  very  fixed 
body,  attached  to  the  copper  by  the  attra6lion  .of 
•cohefion. 

Gilding  by  ainalgaination  is  principally  ufed  for 
copper  and  its  various  compounds. 

Iron  cannot  be  gilt  by  amalgamation,  unlefs  upon 
a  precipitated  coat  of  copper.  There  is  another 
rnode  of  gilding,  particularly  ufed  for  that  purpofe, 
viz.  by  leaf  gold.  The  iron  is  to  be  heated  in  a 
clear  fire  till  it  becomes  blue,  a  leaf  of  gold  is  applied 
upon  itj  and  rubbed  down  with  a  fine  burnifher;  it 
is  found  to  adhere  clofely.  This  may  :be  repeated 
till  you  have  fixed  what  number  of  leaves  you  pleafe. 

'Tojeparate  the  Gold  from  gilt  Copper. 

APPLY  a  folution  of  borax  in  water  to  the  gilt 
furface  with  a  fine  brufh;  and  fprinkle  over  it  fome 
fine  powdered  fulphur.  Make  the  piece  red  hot,  and 
quench  it  in  water.  The  gold  may  be  eafily  wiped 
off  with  a  fcratch-brufh,  and  recovered  by  tefting  it 
off  with  lead. 

Gold  is  taken  from  the  furface  of  filver  by  fpread- 
ingover  it  a  pafte  made  of  powdered  fal  ammoniac 
with  aqua  fortis,  and  heating  it  till  the  matter  fmokes 
and  Is  nearly  dry.  When  the  gold  may  be  feparated 
by  rubbing  it  with  a  fcratch  brCilh. 


Leaf 
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Leaf-gold  may  be  applied  to  all  vitrified  matters, 
whofe  furflaces  are  very  fmooth,  confequently  capa- 
ble of  a  very  perfe6l  contad  with  it.    This  gilding 
is  the  more  perfed,  as  the  gold  is  mo-re  exadly  ap- 
vplied  to  the  furface  of  the  glafs ;  the  pieces  are  then 
•expofedto  a  certain  degree  of  heat,  and  burniflied 
■flightly  to  give  them  adhefion  and  luftre.  Books, 
Wood,  &c.  may  be  gilt  with  leaf-gold,  with  the 
;;affiftance  of  adhefive  varniflies,  which,  when  dry, 
•.will  bear  to  be  burniflied. 


On  SILVER. 

SILVER  is  a  brilliant  white  metal,  indeftrudible 
cither  by  fire  or  water;  without  tafle  or  fmell.  Ex- 
cepting gold,  it  is  the  moft  malleable  of  all  tlie  me- 
tal sj  more  elaftic  and  Ibnorous  than  gold;  becomes 
rigid  by  hammering,  and  is  ^foftened  by  annealing. 
Its  fpecific  gravity  is  10,552.  A  wire  i-io  of  an  inch 
will  fupport  a  weight  of  syolb.  without  breaking.  By 
long  expofure  to  air  it  abforbs  phlogifton,  and  then 
it  is  faid  to  be  tarnifiied.  It  has  been  expofed  to  a 
glafs-houfe  furnace  for  a  month,  without  the  heat 
producing  any  alteration,  except  a  fmall  lofs  of 
weight,  which  probably  proceeded  from  the  filver 
being  impure.    All  the  acids  dilToIve  it  with  more 

or 
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or  lefs  facility.  Vitriolic  acid  when  concentrated  and( 
heated  diflblves  it,  and  forms  vitriol  of  Silver  ;" 
the  marine  acid  when  very  hot  will  diflblve  it,  but  in  a 
fmall  quantity.  The  nitrous  acid  is  its  beft  folvent;  it 
diflblves  it  perfe£tly,  and  without  difficulty.  The 
cryftals  formed  by  evaporating  a  fmall  portion  of  the 
nitrous  acid,  are  called  lunar  Crystals,  which  will- 
deflagrate  by  putting  them  on  a  burning  coal  like 
nitre.  Thefe  cryftals  melted  in  a  crucible,  and  then 
poured  into  afmall  cylindrical  mouldy  form  a  powerful 
cauftic,  called  LAPIS  infernalis,  or  lunar  caus- 
tic. Silver  is  precipitated  from  its  folution  in  nitrous 
acid  by  alkalies,  copper,  iron,  &c.  as  well  as  by  the 
vitriolic  and  marine  acids.  If  in  a  folution  of  filver  in 
the  nitrous  acid,  you  drop  a  few  drops  of  oil  of  vi- 
triol, the  vitriol  feizes  the  filver,  and  falls  down 'in  a 
•white  precipitate,  which  is  the  vitriol  of  Silver? 
and,  if  in  the  fame  folution,  you  drop  a  litde  of  the  ma^ 
rine  acid,  the  marine  acid  feizes  the  filver,  and  forms 
a  thick  coagulum,  which  is  called  luna  cornea..  : ; 

Fixed  alkalies  precipitate  filver  from  its  folution 
in  the  acids,  but  they  appear  to  have  no  a6ti  :n  on 
the  calx ;  whereas  the  volatile  alkali  will  precipitate 
it,  and  rediflblve  the  calx,  particularly  in  a  cauftie 

fl:ate.  ' 

The  moft  afl:oniftiing  fubftance  in  all  chemifl:ry  is 
produced  from  filver,  difcovered  by  Mr.Berthollet,  and 
called  by  him  fulminating  Silver.  It  is  prepared 

as 
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as  follows:  diffolve  cupelled  filver  in  pure  or  dephlo- 
giftlcated  nitrous  acid.  Precipitate  tl;e  filver  with 
lime-waterj  then  decant  the  liquor,  and  expofe  the. 
precipitate  for  the  fpace  of  three  days  to  t!ie  air. 
Mr.  BerthoUet  innagines,  that  at  this  period  of  the 
experiment,  the  prefence  of  light  may  have  an  in- 
fluence, on  its  fuccefs.    To  this  calx  when  dry,  add 
c^ullic  volatile  alkali,  it  will  take  the  form  of  a 
black  powder.  Decant  the  liquor,  and  let  the  powder 
dry  in  the  air.    This  is  fulminating  .filver,  which 
cannot  bear  to  be  touched  by  any  cold  body  without 
fulminating  j  fo  that  it  muft  remain  in  the  capfule  in 
which  it  was  dried.  ■  .  The  volatile,  alkali  ufed  in  the 
preparation,  being  boiled  in  a  thin  matrafs,  forms 
cryftals,  which  being  touched  under  the  liquor,  fud. 
denly  detonate  and  break  the  veflel. 

•  Arkr  Diana,  or  Philofophical  'Tree. 
THIS  is  a  matter  of  curiofity  only.  Make  an 
amalgam  of  filver  and  mercury,  and  dilTolve  it  in  a 
fufficient  quantity  of  pure  aqua  fortisj  dilute  it  in 
about  four  times  its  weight  of  diftilled  water,  and 
cork  it  down  quite  tight.  When  it  is  wanted  for  ufe 
a  little  of  it  is  poured  into  a  bottle,  and  a  fmall  piece 
of  an  amalgam  of  gold  or  filver  put  in,  when  it  muft 
remain  at  reftj  fmall  filaments  foon  flioot  from  the 
amalgam,  which  branch  out  on  all  fides,  and  take  the 
formof  ftirubs. 


Silver 
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Silver  is  applied  to  the  furfaces  of  the  different 
metals  by  various  means,  though  the  general  proceffes 
are  denominated)  either  filvering  or  plating, 

'To  Silver  in  the  cold  Way. 

TAKE  two  drachms  of  each,  tartar  and'  common- 
lalt;  half  a  drachrh  of  alum,  and  20  grains  of  filver 
precipitated  from  the  nitrous  acid  by  copper  j  make 
them  into  a  pafte  with  a  little  water.    This  is  to- 
be  rubbed  orr  the  fuitaee  to  be  filvered  with  z- 
G0rk>  &Ci 

Anbiher  Method: 

DISSOLVE  pure  filver  in  aquafortis,  and  prei- 
dpitate  the  filver  widi  common  fait,  make  this  pre- 
cipitate into  a  pafte  by  the  addition  of  a  little  more 
common  fait,  and  cream  of  tartar.  It  is  applied  as. 
in  the  former  method. 

Silvering  by  heat. 
DISSOLVE  an  ounce  of  pure  filver  in  aqua 
fortis,  and  precipitate  it  with  common  fait,  to  which, 
add  half  a  pound  of  fal  ammoniac,  fandiver,  and'^ 
white  vitriol,  and  a  quarter  of  an  ounce  of  fublirnate. 

Another  Preparation  for  fiher'mg- by  heat.  , 

DISSOLVE  an  ounce  of  pure  filver  in  aqua  for- 
tis,  and  precipitate  it  with  common  fait,  and  add, 

after 
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after  wafliing;  fix  ounces  ofcommon  fait,  three  ounces 
of  each  fandiver  and  white  vitriol,  and  a  quarter  of 
an  ounce  of  fublimate. 

Thefe  are  to  be  ground  into  a  pafte  upon  a  fine 
ftone  with  a  mullar,  the  fubftance  to  be  filvered,  muft 
be  rubbed  over  with  a  fufRcient  quantity  of  che  pafte, 
and  expofed  to  a  proper  degree  of  heat.  When  the 
filver  runs  it  is  taken  from  the  fire^.  and  dipped  into 
weak  fpirit  of  fait  to  clean  it. 

Silvering  on  gilt  Work  hy  Amalgamation. 
SILVER  will  not  attach  iffelf  to  any  metal  by- 
amalgamation,  unlcfs  it  be  firft  gilt.    The  procefs  is 
the  fanie  as  gilding  in  colours,  only  no  acid  ftiould 
be  ufed. 

On  plating  of  Copper  Ingots. 

THE  principal  difRcalties  in  plating  copper  in- 
gots,  are,  to  bring  the  furfaces  of  the  copper  and  fil- 
ver into  fufion  at  the  fame  tiinej  and  to  prevent  the 
copper  from  fcalingj  for  which  purpofes  fluxes  are 
ufed.  The  furface  of  the  copper  on  which  the  filver 
is  to  be  fixed,  muft  be  made  flat  by  filing,  and  ftiould 
be  left  rough.  The  filver  is  firft  annealed,  and 
afterwards  pickled  in  weak  fpirit  of  falti  it  is  pla- 
niflied,  and  then  fcraped  on  the  furface  to  be  fitted  on 
the  copper.  Thefe  prepared  furfaces  are  anointed 
with  a  folution  of  bora??,,  or  ftrewed  with  fine  pow- 

derei^ 
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dered  borax  itfelf;  and  then  confined  in  contaa  with 
^ach  other  by  binding  wire.  When  they  are  ex- 
pofed  to  a  fufficient  degree  of  heat,  the  flux  caufes 
the  furfaces  to  fufe  at  the  fame  time,  and  after  they 
become  cold,  they  are  found  firmly  united. 

Copper  may  likewife  be  plated  by  heating  it,  and 
burnifhing  leaf-filver  upon  it,  fo  may  iron  and  brafs. 
This  procefs  is  called  French  pladng. 

To  flrip  plated  Copper. 

THIS  procefs  is  applied  to  recover  the  filvcr 
from  the  plated  metal,  which  has  been  rolled  down 
for  buttons,  toys,  &c.  without  deftroying  any  large 
portion  of  the  copper.  For  which  purpofe  a  men- 
ftruum  is  compofed  of  three  pounds  of  oil  of  vitriol, 
one  ounce  and  a  half  of  nitre,  and  one  pound  of  wa- 
ter.  The  plated  metal  is  boiled  in  it,  till  the  filver 
be  diffolved,  and  then  the  filver  is  recovered  by  throw- 
ing common  fait  into  the  folution, 

2o  make  an  Effay  of  plated  Metal. 
TAKE  a  determinate  quantity  of  the  plated  me- 
tal; put  it  into  an  earthen  veflel  with  a  fufficient 
quantity  of  the  above  menftruum;  and  place  it  in  a 
gentle  heat.  When  the  filver  is  ftrlpped  it  muft  be 
colle£ted  with  common  fait ;  the  calx  muft  be  tefted 
off  with  lead ;  and  the  eftimate  made  according  to 
the  produ6t  of  filver. 

On 
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Oh  parting. 

By  this  procefs  gold  and  filver  are  ieparated  from 
each  other.  Thefe  two  metals  equally  refifting  the 
adlion  of  fire  and  of  lead,  muil  therefore  be  Sepa- 
rated by  other  means.  This  is  effedted  by  different 
menllrua.  Nitrous  acid,  marine  acid,  and  fulphur, 
which  cannot  attack  gold,  operate  upon  filver  j  and 
thefe  are  the  principal  agents  employed  in  this  pro- 
cefs. 

Parting  by  nitrous  acid  is  mofl  convenient,  con- 
fequently  moft  ufed,  indeed  it  is  the  only  one  em- 
ployed by  goldfmiths.  This  is  called  fimply  part^ 
ing. 

That  made  by  the  marine  acid  is  by  cementation, 
and  is  called  concentrated  parting ;  and  parting  by 
fulphur  is  made  by  fufion,  and  called  dry  pakting. 

Firft,  Parting  by  Aqua  Fortis.  This  procefs 
cannot  fucceed  unlefs  we  attend  to  fome  effential 
circumflances.  Firfl,  The  gold  and  filver  mufl  be 
in  a  proper  portion,  viz.  the  filver  ought  to  be  tliree 
parts  to  one  of  gold  3  though  a  mafs  containing  two 
parts  of  filver  to  one  of  gold  may  be  parted.  To 
judge  of  the  quality  of  the  metal  to  be  parted,  affayers 
make  a  comparifon  upon  a  touchftone,  between'  it 
and  certain  needles  compofed  of  gold  and  filver,  in 
graduated  proportions,  and  properly  marked  i  which 
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are  called  proof  Needles.  If  this  trial  fliews  that  the 
filver  is  not  to  the  gold  as  three  to  one-,  the  mafs  is 
improper  for  the  operation,  unlefs  more  filver  be 
added  J  and  fecondly,  that  the  parting  may  be  exaft, 
the  aqua  fortis  muft  be  very  pure,  efpecially  free 
from  any  mixture  of  the  vitriolic  or  marine  acid. 
For  if  this  were  not  attended  to,  a  quantity  of  filver 
proportionable  to  thefe  two  foreign  acids  would  be 
feparated  during  the  folutionj  and  this  quantity  of 
vitriol  of  filver,  or  luna  cornea  would  remain  mingled 
with  the  gold,  which  confequently  would  not  be  en- 
tirely purified  by  the  operation. 

The  gold  and  filver  to  be  parted  ought  previ- 
oufly  to  be  granulated,  by  melting  it  in  a  cruciblej 
and  pouring  it  into  a  veffel  of  water,  giving  the  wa- 
ter at  the  fame  time  a  rapid  circular  motion,  by 
quickly  ftirring  it  round  with  a  flick.  The  veffels 
generally  ufed  in  this  operation  are  called  parting 
glafles,  which  ought  to  be  very  well  annealed,  and 
chofen  free  from  flaws ;  as  one  of  the  chief  inconve- 
niencies  attending  the  operation  is,  that  the  glalTes  arc 
apt  to  crack  by'expofure  to  cold,  or  even  when 
touched  by  the  hand.  Some  operators  fecure  the 
bottom  of  the  glalTes  by  a  coating  compofed  of  a 
mixture  of  new  flaked  lime  with  beer  and  whites  of 
eggs  fpread  on  a  cloth,  and  wrapped  round  theglafles 
at  the  bottom  j  over  which  they  apply  a  compofltion 
of  clay  and  hair.    The  parting  glaflfes  Ihould  be 

placed 
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placed  in  velTels  containing  water  fupported  by  tri- 
vets, with  a  fire  under  them  j  becaufe  if  a  glafs  fliould 
break  the  contents  are  caught  in  the  veffel  of  water. 
If  the  heat  communicated  to  the  water  be  too  great, 
it  may  be  properly  regulated  by  pouring  cold  wa- 
ter gradually  and  carefully  down  the  fide  of  the  vef- 
fel. Into  a  parting  glafs  fifteen  inches  high,  and  ten 
or  twelve  inches  wide  at  the  bottom j  placed  in  a 
copper  pan,  twelve  inches  wide  at  bottom  j  fifteen 
inches  wide  at  top,  and  ten  inches  high;  Schlutter 
ufually  put  about  eighty  ounces  of  metal,  with  twice 
as  much  aqua  fortis. 

The  aqua  fortis  ought  to  be  fo  ftrong  as  to  aft  fen- 
fibly  on  filver  when  cold,  but  not  fo  ftrong  as  to  a6b 
violently.  Little  heatftiould  be  applied  at  firft,  as 
the  liquor  is  apt  to  fwell  and  rife  over  the  veflelj  but 
when  the  acid  is  nearly  faturated,  the  heat  may  fafely 
be  encreafed.  When  the  folution  ceafes,  which  is 
known  by  the  efFervefcence  difcontinuing,  the  liquor 
is  to  be  poured  ofi^;  if  any  grains  appear  entire, 
more  aqua  fortis  muft  be  added,  till  the  filver  be  all 
diffolved.  If  the  operation  has  been  performed 
flowly,  the  remaining  gold  will  have  the  form  of  dif- 
tind  mafles.  The  gold  appears  black  after  parting, 
probably  from  the  phlogifton  of  the  nitrous  acid  j  its 
parts  have  nokdhefion  together;  becaufe  the  filver 
dilTolved  from  it  has  left  many  interftices.  To  give 
them  more  folidity,  and  improve  their  color,  they  are 
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put  into  a  teft  under  a  muffle,  and  made  red  hot, 
after  which  they  contra6t  and  become  more  fohd,  and 
the  gold  refumes  its  color  and  luftre.  It  is  then  called 
GRAIN  Gold.  If  the  operation  has  been  performed 
haftily,  the  gold  will  have  the  appearance  of  black 
mud  or  powder,  which  after  well  wafhing,  muft  be 
melted. 

The  filver  is  ufually  recovered  by  precipitating  it 
from  the  aqua  fortis  by  means  of  pure  copper.  If 
the  folution  be  perfeftly  faturated,  no  precipitation 
can  take  place,  till  a  few  drops  of  aqua  fortis  be 
added  to  the  liquor.  The  precipitate  of  filver  mufl: 
be  well  wafhed  with  boiling  water,  and  may  be  fufed 
with  nitre,  or  tefted  off  with  lead. 

Secondly,  Parting  by  Cementation.  A  ce- 
ment is  prepared,  compofed  of  four  parts  of  briclcs 
powdered  and  fiftedj  of  one  part  of  green  vitriol  cal- 
cined till  it  becomes  red  j  and  of  one  part  of  common 
faltj  this  is  to  be  made  into  a  firm  pafte  with  a  lit- 
tle water  or  urine.  It  is  called  the  cement  Royal. 

The  gold  to  be  cemented  is  to  be  reduced  into 
plates  as  thin  as  money.  At  the  bottom  of  the  cru- 
cible or  cementing  pot,  a  ftratum  of  cement,  of  the 
thicknefs  of  a  finger  is  to  be  put,  which  is  to  be  co- 
vered with  plates  of  gold ;  and  fo  the  ftrata  are  placed 
alternately.  The  whole  is  to  be  covered  widi  a  lid, 
which  is  to  be  luted  with  a  mixture  of  clay  and  fand. 
This  pot  muft  be  placed  in  a  furnace,  or  oven,  heated 

gradually 
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gradually  till  it  becomes  red  hot,  in  which  it  muft  be 
continued  during  24  hours.  The  heat  muft  not  melt 
the  gold.  The  pot  or  crucible  is  then  fufFered  to 
cool  J  and  the  gold  carefully  feparated  from  the  ce- 
ment, and  boiled  at  different  times  in  a  large  quan- 
tity of  pure  water.  It  is  then  affayed  upon  a  touch- 
ftone,  or  otherwife ;  and  if  it  be  not  fufBciently  pure, 
it  is  cemented  a  fecond  time.  In  this  procefs  the  vi- 
triolic acid  of  the  bricks,  and  of  the  calcined  vitriol, 
decompofes  the  common  fait  during  the  cementa- 
tion, by  uniting  to  its  alkaline  bafe,  while  the  ma- 
rine acid  becomes  concentrated  by  the  heat,  and  dif- 
folves  the  filver  alloyed  with  the  gold.  This  is  a 
very  troublefome  procefs,  though  it  fucceeds  when 
the  portion  of  filver  is  fo  fmall  that  it  would  be  de- 
fended from  the  adion  of  aqua  fortis  by  the  fuper- 
abundant  goldj  but  is  little  ufed,  except  to  extraft 
filver,  or  bafe  metals,  from  the  furface  of  gold,  and 
thus  giving  to  an  alloyed  metal,  the  colour  and  ap- 
pearance of  pure  gold.  And, 

Thirdly,  Dry  parting.  This  procefs  is  per- 
formed by  fulphur,  which  will  eafily  unite  with  fil- 
ver, but  does  not  attack  gold.  As  this  dry  parting 
is  even  troublefome,  as  well  as  expenfive ;  it  ought 
not  to  be  undertaken  but  on  a  confiderable  quan- 
tity of  filver  alloyed  with  gold.  The  general  pro- 
cedure is  as  follows,  viz.  The  metal  muft  be  gra- 
jiulatedi  from  1-8  to  1-5  of  it,  according  as  it  is 
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richer  or  poorer  in  gold  is  referved,  and  the  reft  well 
mingled  with  an  eighth  of  pov/dered  fulphur;  and 
put  into  a  crucible,  keeping  a  gentle  fire,  that  the 
filver  before  it  melts,  may  be  thoroughly  penetrated 
,  by  the  fulphur ;  if  the  fire  be  haftily  urged,  the  ful- 
phur will  be  diffipated.    If  to  fulphurated  filver  in 
fufion,  pure  filver  be  added,  the  latter  falls  to  the 
bottom,  and  forms  there  a  diftind  fluid,  not  mifcible 
with  the  other.    The  particles  of  gold  having  no 
affinity  with  the  fuljihurated  filver,  join  themfelves  to 
the  pure  filver  wherever  they  come  in  contad,  and 
are  thus  transferred  from  the  former  into  the  latter, 
more  or  lefs  perfedly,  accor4ing  as  the  pure  filver 
was  more  or  lefs  thoroughly  diffufed  through  the 
piixed.  It  is  for  this  ufe  that  a  part  of  the  granulated 
filver  was  referved.    The  fulphurated  mafs  being 
brought  into  fufion,  and  kept  melting  for  near  an 
hour  in  a  covered  crucible,  one  third  of  the  referved 
grains  is  thrown  in,  which,  when  melted,  the  whole 
is  well  ftirred,  that  the  frefh  filver  may  be  diftri- 
buted  through  the  mixed  to  colled  the  gold  from 
it ;  this  is  performed  with  a  wooden  rod.  This  is  re- 
peated till  the  whole  referved  metal  be  introduced. 
The  fulphurated  filver  appears  in  fufion  of  a  dark 
brown  colour ;  after  it  has  been  kept  in  fufion  for  a 
certain  time,  a  part  of  the  fulphur  having  efcaped 
from  the  top,  the  furface  becomes  white,  and  fome 
bright  drops  of  filver  about  the  fize  of  a  pea,  are 
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perceived  on  it.  When  this  happens  the  fire  nauft 
be  immediately  difcontinued,  for  otherwife  more 
and  more  of  the  filver  thus  lofing  its  fulphur,  would 
fubfide  and  mingle  with  the  part  at  the  bottom,  in 
which  the  gold  is  colle£ted.  The  whole  is  poured 
into  an  iron  mortar  greafed  and  duly  heated.  The 
gold  diffufed  at  firft  through  the  whole  mafs,  is  now 
found  collefted  into  a  part  of  it  at  the  bottom  j 
amounting  only  to  about  as  much  as  was  referred  un- 
fulphurated.  It  is  feparated  from  the  mafs  by  a 
chifel  or  hammer;  or  more  perfeftly  by  placing  the 
whole  mafs  with  its  bottom  upwards  in  a  crucible j; 
the  fulphu  rated  part  quickly  melts,  leaving  unmelted 
that  which  contains  the  gold.  The  fulphurated  fil- 
ver  is  affayed,  by  keeping  a  portion  of  it  in  fufion  in 
an  open  crucible,  till  the  fulphur  is  diffipated;  and 
then  dilTolving  it  in  aqua  fortis.  If  it  fliould  ftill  be 
found  to  contain  gold,  it  muft  be  fubjedted  to  the 
fame  treatment  as  before.  The  gold  thus  colleded 
may  be  concentrated  into  a  fmaller  part  by  repeat- 
ing the  whole  procefs,  fo  that  at  laft  it  may  be  parted 
by  aqua  fortis  without  too  much  expence. 

To  purify  Aqua  Fortis. 

IF  the  aqua  fortis  contain  any  vitriolic  or  marine 
acid,  it  may  be  feparated  by  dropping  into  it  a  folu- 
tion  of  filver  in  pure  aqua  fortis,  till  there  be  no 
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more  precipitation  in  it.  The  remainder  is  very 
pure,  and  called  precipitated  aqua  fortis. 

To  Affay  the  Value  of  Silver. 

THE  general  method  of  examining  die  purity 
of  filver,  is  by  mixing  it  with  a  quandty  of  lead 
proportionate  to  the  fuppofed  pordon  of  alloy;  by 
telling  this  mixture,  and  afterwards  weighing  the  re- 
maining button  of  filver.  This  is  the  fame  procefs 
as  refining  filver  by  cupellation. 

It  is  fjppofed  that  the  mafs  of  filver  to  be  exa- 
rpined,  confills  of  twelve  equal  parts,  called  penny- 
weights ;  fo  that  if  an  ingot  weigh  an  ounce,  each  of 
the  parts  will  be  1-12  of  an  ounce.  Hence,  if  the 
mafs  of  iilyer  be  pure,  it  is  called  filver  of  1 2  penny- 
weights; if  it  contain  1-11  of  its  weight  of  allay, 
it  is  called  filver  of  1 1  penny  weights ;  if  2  - 1 2  of  its 
weight  be  allay,  it  is  called  filver  of  10  penny- 
weights ;  V.  hich  parts  of  pure  filver  are  called  fine 
penny-weights.  It  muft  be  obferved  here,  that 
aflfayers  give  the  name  penny-weight,  to  a  weight 
equal  to  24  real  grains,  which  muft  not  be  con- 
founded with  their  ideal  weights;  which  is  likely 
from  their  dividing  their  penny- weight  into  24  grains 
like  the  real.  The  affayers  grains  are  called  fine 
grains.  An  ingot  of  fine  filver,  or  filver  of  1 2  penny- 
weights, contains  then  288  fine  grains;  if  this  ingot 
contain  1-288  of  allay,  it  is  faid  to  be  filver  of  1 1 
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penny-weights  and  23  grains;  if  it  contain  4-288 
of  allay;  it  is  faid  to  be  11  penny-weights  20  grains, 
&c.  Now  a  certain  real  weight  muft  be  taken  to  re- 
prefenttheaffay-weights;  for  inftance,  36  real  grains 
reprefent  1 2  fine  penny- weights ;  this  is  fubdivided 
into  a  fufficient  number  of  other  fmaller  weights, 
which  alfo  reprefent  fraftions  of  fine  penny-weights 
and  grains.    Thus  18  real  grains  reprefent  fix  fine 
penny- weights  3  three  real  grains  reprefent  one  fine 
penny-weight  or  24  grains;  a  real  grain  and  a  half 
reprefent  1 2  fine  grains ;  1-32  of  a  real  grain  repre- 
fents  a  quarter  of  a  fine  grain,  which  is  only  1-752 
part  of  a  mafs  of  12  penny-weights.    It  is  cufto- 
mary  to  make  a  double  alTay.    The '  filver  for  the 
alTay  ftiouldbe  taken  from  oppofite  fides  of  the  ingot, 
and  tried  on  a  touch-ftone.    AlTayers  know  pretty 
nearly  the  value  of  filver  merely  by  the  look  of  the 
ingot,  and  ftill  better  by  the  teft  of  the  touchftone. 
The  quantity  of  lead  to  be  added  is  regulated  by  the 
portion  of  alloy,  which  being  in  general  copper,  ic 
will  be  nearly  as  follows,  viz. 
Silver  of  Dwts.  Grs.  Dwts.  Grs.  Requires  from 

.11  6     —  —  —  ' —    5  to  6 

'10  12     —  —  —  —    8  —  9 
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The  cupel  muft  be  heated  red  hot  for  half  an  hour 
before  any  metal  is  put  upon  it,  by  which  all  moif- 
ture  is  expelled.    When  the  cupel  is  almoft  white 
by  heat,  the  lead  is  put  into  it,  and  the  fire  encreafed 
till  the  lead  becomes  red  hot,  fmoaking,  and  is  agi- 
tated by  a  motion  of  all  its  parts,  called  its  circula- 
tion.   Then  the  filver  is  to  be  put  on  the  cupel,  and 
the  fire  continued  till  the  filver  has  entered  the  lead; 
and  when  the  mafs  circulates  well,  the  heat  muft  be 
diminifhed  by  clofing  more  or  lefs  the  door  of  the 
alTay  furnace.    The  heat  fliould  be  fo  regulated, 
that  the  metal  on  its  furface  appear  convex  and  ar- 
dent, while  the  cupel  is  lefs  red ;  that  the  fmoke  fhall 
'    rife  to  the  roof  of  the  muffle,  that  undulations  fliall 
be  made  in  all  diredlions ;  and  that  the  middle  of  the 
metal  Ihall  appear  fmooth,  with  a  fmall  circle  of  li- 
tharge, which  is  continually  imbibed  by  the  cupel. 
By  this  treatment  the  lead  and  alloy  will  be  entirely 
abforbed  by  the  cupel,  and  the  filver  become  bright 
and  fhining,  when  it  is  faid  to  lighten;  after  which, 
if  the  operation  has  been  well  performed,  the  filver 
will  be  covered  with  rainbow  colours,  which  quickly 
undulate  and  crofs  each  other,  and  then  the  button 
becomes  fixed  and  folid. 

The  diminution  of  weight  ftiews  the  quantity  of 
allay.  As  all  lead  contains  a  fmall  portion  of  filver, 
an  equal  weight  with  that  ufed  in  the  aflay,  is  tefted 
off,  and  the  produd  deduced  from  the  aflJay- weight. 
This  portion  is  called  the  witnefs. 

On 
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On    PL  AT  IN  A. 

PLATINA  is  ranked  among  the  peifed  metals, 
becaufe  it  is  not  deftru6table  by  fire.  It  is  found  in 
the  gold  Mines  of  Spanifli  America,  in  fmall  angu- 
lar grains;  mixed  with  a  fpecies  of  black  fand, 
which  is  attrafted  by  the  magnet,  but  neither  foluble 
in  acids,  nor  fufible.  Thefe  grains  refemble  iron 
filings,  but  are  fomewhat  whiter.  It  approaches 
near  to  gold  in  its  fpecific  gravity,  and  refembles  that 
metal  in  being  only  foluble  in  aqua  regia;  from  which 
like  gold  it  may  be  feparated  by  asther,  alkalies,  and 
by  moft  metals.  It  may  be  precipitated  from  its  fo- 
lution  in  aqua  regia  by  fal  ammoniac,  a  property  pe- 
culiar to  this  metal. 

The  attra6tion  of  platina  to  acids  is  nearly  fimilar 
to  that  of  gold;  except  that  when  precipitated  from 
its  folution,  it  is  foluble  in  the  acid  of  fugar,  forrel, 
lemons,  ants,  and  of  vinegar. 

It  differs  effentially  from  gold,  in  being  neither  fu- 
fible nor  malleable,  unlefs  combined  with  other  me- 
tals by  fufion;  with  fome  of  which  it  readily  unites, 
particularly  with  zinc.  It  has  been  fufed  by  the 
blow-pipe  with  dephlogifticated  air,  and  lately,  in  a 
furnace  conftrudted  on  purpofe  by  Mr.  Willis  of 
London. 
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On  COPPER. 

COPPER  is  an  imperfed  metal  of  a  red  fhin-* 
ing  color.  Its  fpecific  gravity  is  8.876.  It  is 
harder,  more  elailic,  and  fonorous,  but  a  little  lels 
duftile  than  filver.  It  may  be  drawn  into  wire  as 
•  fine  as  hair;  one  of  which  i-io  of  an  inch  in  dia- 
meter, will  fupport  a  weight  of  2991b.  four  ounces 
without  breaking.  When  rubbed  in  the  hands,  it 
exhales  a  difagreeable  odor  peculiar  to  itfelfj  and 
has  a  tafte  not  lefs  unpleafant.  When  expofed  to  the 
fire  with  free  accefs  of  air,  it  fmokes,  lofes  part  of  its 
weight,  and  communicates  to  flame  beautiful  green 
and  blue  colours.  It  refifts  more  than  any  other  of 
the  imperfe6t  metals,  the  a6tion  of  fire,  before  it  is 
altered ;  when  a  clean  polilhed  copper  plate  is  ex- 
pofed to  heat,  its  furface  is  colored  with  all  the  co- 
lors of  the  rainbow;  which  proceeds  from  the  deve- 
lopcment,  and  the  different  fl:ates  of  the  phlogifton  of 
the  metal.  When  it  is  expofed  to  a  red  heat,  its 
metallic  lufl:re  is  changed  into  a  dark  earthy  appear- 
ance; fo  that  when  it  becomes  cold,  it  feparates  in 
fcales;  which  are  called  burnt  Copper.  The  com- 
bined a6tion  of  air  and  water,  produces  a  calcination 
of  copper,  which  appears  in  the  form  of  a  greenifh 
ruft.  The  calx  of  copper  urged  with  a  violent  fire 
is  converted  into  a  glafs  of  a  reddifli  brown  color. 
This  is  called  Glass  of  Copper. 
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The  calx  of  copper  highly  dephlogifticated  is  re- 
duced to  a  fine  powder,  and  mixed  with  copal  var- 
nifli;  and  then  applied  to  the  furface  of  valuable  me- 
dals to  preferve  them  from  the  adion  of  the  air;  this 
is  called  Bronzing.  All  the  acids  diflblve  copper. 
The  folution  in  aqua  regia  is  of  a  blue  green  color, 
in  the  vitriolic  acid  of  a  fine  blue.  If  this  laft  folution 
be  evaporated,  cryftals  are  formed  of  a  rhomboidal 
figure,  which  are  called  Vitriol  of  Copper,  blue 
Vitriol,  Roman  Virtiol,  or  Cyprus  Vitriol. 
The  nitrous  acid  diflbives  it  with  great  facility,  even 
when  cold,  and  produces  confiderable  heat  and  efFer- 
vefcence.  This  folution  is  of  a  fine  blue  color,  not 
fufceptible  of  cryftallization,  but  forms  a  magma, 
which  ftrongly  attrafts  the  moifture  from  the  air, 
and  is  refolved  into  a  liquor.  The  marine  acid  does 
not  difiblve  copper  well,  unlefs  it  be  boiling;  and 
then  the  folution  is  of  a  green  hue.  It  yields  cryf- 
tals  by  evaporation.  The  acid  of  vinegar  diflbives 
it,  and  the  cryftals  formed  by  the  folution  are  called 
Ver  DiGRiSE,  Fixed  and  volatile  alkalies  diflblvecop- 
per  at  leaft  when  it  is  in  a  calciform  ftate ;  when  dif- 
folved  by  the  laft,  it  is  called  cuprum  ammonia- 
cuM.  If  a  mixture  of  copper  filings  and  nitre  be 
heated  in  a  crucible  together,  the  phlogifton  of  the 
copper  unites  with  the  nitrous  acid,  and  leaves  the 
calx  of  copper  mixed  with  the  alkali.  Sulphur  has 
a  confiderable  ad:ion  upon  iti  if  copper  plates  be 
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ftratified  with  fulphur,  and  calcined  j  the  fulphur  at-' 
tacks  the  copper,  and  converts  it  into  an  iron  colored, 
very  eager,  and  brittle  matter.  It  is  called  ens  ve- 
neris, or  copper  calcined  by  sulphur. 

Copper  eafily  unites  with  all  metals  and  femi- 
metals,  and  with  them  forms  different  compounds; 
of  which,  and  its  different  precipitates,  we  fliall  fpeak 
hereafter. 


LEAD. 

LEAD  is  an  irtiperfeft  metal  of  a  white  color, 
with  a  bluifh  tinge;  darker  than  tin, 'the  fofteft,  leaft 
duftile,  leaft  elaftic,  and  leaft  fonorous  of  all  the  me- 
tals. It  has  a  fmeli  and  tafte  peculiar  to  itfelf. 
Itsfpecific  gravity  is  11.352!,  a  leaden  wire  i-io  of 
an  inch  diameter,  is  capable  of  fupporting  only  291b. 
one  quarter  without  breaking.  It  is  very  fufible  and 
melts  before  it  is  red ;  and  as  foon  as  it  melts,  even 
with  the  leaft  heat  poffible,  it  calcines.  Neverthe- 
lefs  it  refifts  much  longer  the  combined  aftion  of  air 
and  water,  than  coj^per  or  iron,  before  it  is  decom- 
pofed  or  deftroyed.  The  nitious  acid  diffolves  it 
readily,  the  foiution  is  clear,  limpid,  and  colourlefs; 
and  being  evaporated,  yields  a  cryftallizable  fait,  of 
a  dead  white,  called  saturnine  Nitre.    This  fait 

detonates 
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detonates  when  expofed  to  a  fufficient  degree  of  heat. 
The  vitriolic  acid  does  not  difiblve  it  without  heat, 
and  then  in  fmall  quantities.  If  in  a  fokition  of  lead 
in  nitrous  acid,  a  litde  vitriolic  acid  be  dropped,  a 
white  precipitate  falls  down,  which  is  called  Vitriol 
ofLead.  If  the  marine  acid  be  added  to  the  ni- 
trous folution,  a  white  precipitate  in  form  of  a  coagu- 
lum  is  produced.  This  has  the  name  of  Plum- 
bum CoRNEuM.  The  acid  of  vinegar  unites  with 
it,  and  forms  three  different  compounds,  according 
to  the  proportion  of  acid  combined.  Firft,  Cerusse. 
To  make  which,  leaden  plates  are  rolled  fpirally,  fo 
that  about  the  fpace  of  an  inch  fhall  be  left  between 
each  circumvolution i  and  then  fufpended  in  an  earthen 
pot  containing  good  vinegar,  but  fo  as  not  to  touch 
its  furface.  Thefe  pots  are  covered  and  placed  in  a 
bed  of  dung,  or  in  a  fand  bath;  by  which  a  gentle 
heat  is  applied,  and  converts  the  acid  into  vapor. 
Which  attaches  itfelf  eafily  to  thefe  plates;  penetrates 
them,  and  forms  a  white  powder  called  cerufle. 
When  a  fufficient  quantity  of  the  powder  is  formed, 
the  rolls  are  taken  out  of  the  pots,  and  unfolded.  It 
is  taken  off,  well  wafhed  and  dried,  and  is  fold  un- 
der the  name  of  white  Lead.  The  lead  is  again 
rolled  up,  and  the  operation  repeated.  Secondly, 
This  compound,  which  is  infoluble  in  water,  may  be 
cafily  diffolvedin  a  larger  portion  of  vinegar;  when 
it  will  fhoot  into  cryftals,  and  forms  Saccharum 
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SATURNijOr  Sugar  of  Lead  j  and  thirdly,  if  vine- 
gar be  boiled  with  litharge  (which  is  a  calx  of  lead  in 
a  femi-vitrified  ftate)  it  will  become  faturated,  and 
forms  Goulard's  Extract  ;  which  is  decompofed 
by  the  addition  of  water ;  the  white  precipitate  I  con- 
fider  as  ceruffe,  and  what  remains  diffolved  in  the 
water  is  a  Saccharum  Saturni.  All  the  vege- 
table acids  diflblve  lead ;  hence  the  neceffity  of  cau- 
tion in  the  ufe  of  leaden  velTels  for  making  of  cyder, 
wines,  &c.  and  pardcularly  in  veffels  for  baking  of 
fruit  pies,  which  are  in  general  glazed  with  lead,  and 
moft  certainly  are  acted  upon  by  the  acid  during  the 
baking.  It  is  a  praftice  among  wine  dealers,  when- 
ever they  have  any  wine  which  is  called  pricked, 
that  is  acid,  to  recover  it  by  adding  calx  of  lead,  the 
acid  is  neutralized  by  its  union  with  the  leadj  and 
acquires  a  fweetifh  tafte.  As  the  poifonous  quality 
of  diis  metal  is  well  afcertained ;  it  certainly  is  of  im- 
portance to  be  able  to  difcover  whether  wines  con- 
tain it  or  not.  The  liver  of  fulphur  is  an  excellent 
teft.  Add  to  the  fufpefted  wine,  a  little  of  the  folu- 
tlon  of  liver  of  fulphur,  and  a  precipitate  immediately 
falls  to  the  bottom.  If  it  be  of  a  fine  yellow  color, 
the  liquor  contains  no  lead ;  but  if  the  precipitate 
contain  lead,  it  will  be  from  a  dark  brown  to  a  black 
color,  in  proportion  to  the  quantity  holden  infolution» 
The  alkali  of  the  hepar  unites  with  the  acid,  and  lets 
fall  the  fulphur,  while  the  lead  united  with  the  acid 
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pccipitates  with  it,  if  it  contain  any,  and  forms  a 
dark  brown  or  black  jDOwder.  Lead  eafiJy  com- 
bines with  fulphiir,  and  forms  an  artificial  lead  ore. 
It  unites  with  all  the  metals  except  iron,  and  forms 
different  compounds. 


IRON. 

IRON  is  an  imperfedl  metal,  of  a  white,  livid, 
greyifh  color.  It  is  the  hardeft,  the  moft  elaftic, 
and  moft  difficult  of  fufion  of  all  the  metals,  except 
platina.  Its  fpecific  gravity  is  7.80 j  an  iron  wire 
I- 10  of  an  inch  diameter,  is  capable  of  fuftaining  a 
weight  of  45olb.  without  breaking.  Iron  is  very 
deftrudlible.  The  combined  a6lion  of  air  and  wa- 
ter converts  it  into  a  ruftj  indeed,  water  alone, 
without  the  help  of  air,  feems  to  be  capable  of  a6t- 
ingupon  it.  Iron  is  not  fufed  by  the  heat  of  ordi- 
nary flirnaces,  but  it  is  eafily  burnt  and  calcined,  by 
which  it  is  changed  into  an  earthy  matter  called 
Crocus  Martis,  or  saffron  of  Mars.  There  are 
many  fpecies  of  iron ;  the  celebrated  Rinman  divides 
them  as  follows:  Firft,  Perfectly  malleable  anp 
cooD,  or  that  which  may  be  extended  under  the 
hammerj  both  cold  and  red  hot,  without  contradting 
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flaws,  or  breaches  at  the  corner;  and  which,  with 
proper  care,  may  be  welded  in  a  welding  heat,  with- 
out breaking  or  becoming  brittle.  Secondly,  Half 
Malleable,  or  that  which  will  bear  gentle  hammer- 
ing only,  but  burfts  in  the  corners  from  a  flronger. 
The  moft  remarkable  varieties  of  this,  are  as  fol- 
lows, viz.    Firfl",  Red-short,  or  that  which  is 
tough  and  may  be  forged  cold,  and  alfo  in  a  white 
heat,  but  in  a  red  heat  cracks  under  the  hammer. 
Secondly,  Cold-short,  or  that  which  may  be 
forged  in  a  ftrong  red  heat,  but  is  brittle  when  cold. 
Thirdly,  Unmalleable  and  crude,  or  that  which 
cannot  bear  hammering  either  hot  or  cold,  and  ap- 
proaches to  the  nature  of  crude  or  caft  iron,  which 
however  is  not  meant  here ;  and  fourthly.  Unequal, 
or  that  which  is  foft  and  hard  in  the  fame  bar,  or 
which  contains  crude  iron  or  grains  of  fteel  inter- 
mixed with  its  fubftance;  iron  of  this  laft  quality  is 
termed  pinny,  by  the  workers  in  iron  or  fteel. 

The  varieties  of  Malleable,  and  Half-malle- 
able Iron,  are  almoft  innumerable,  we.  fhall  men- 
tion fuch  only  as  are  known  by  certain  denomina- 
tions. Firft,  Hard  Iron  may  be  perfeftly  mal- 
leable. In  order  to  extend  it,  or  beat  it  out,  it  re- 
quires only  harder  and  a  greater  number  of  ftrokes 
with  the  hammer,  and  is  either  fteel  or  mixed  with 
fteel.  Of  this  there  are  feveral  varieties.  Firft,  Hard 
and  STRONG,  which  will  bear  forging  and  bend- 
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mg  ;  as,  for  ihftance,  the  iron  of  Danemora,  Oreo-- 
rund,&c.  inSweden ;  fecondJy,  hard  and  brittle  • 
or  that  which  will  bear  hannmering,  but  not  bendino-' 
and  IS  commonly  mixed  withfteelj  thirdly,  hard. and 
TOUGH,  or  that  which  will  bear  bending  both  hot  and 
coldjfuch  is  the  beft  iron  from  Norberg;  and  fourth- 
ly, HARD  and  WILD,  or  that  which  may  be  forced 
cold,  or  in  a  certain  degree  of  lieat,  but  breaks  in  a 
white  and  welding  heat.    Soft  Iron,  which  yields 
both  hot  and  cold  to  the  gentler  force  of  the  hammer 
and  file.   This  may  be  firft  soft  and  tough,  which 
will  bear  much  bending  before  it  breaks.    Of  this 
kind  is  the  Osmunds,  and  other  forts  of  Swedifh 
iron  J  fecondly,  soft  and  brittle,  or  that  which  is 
eafily  forged  while  hot,  and  filed  when  cold ;  but  when 
handled  roughly  breaks  with  a  fhining  furface,  and 
confequently  is  of  the  cold- fhort  kind  ^  and,  thirdly. 
SOFT  and  SPUNGY,  may  be  forged  both  hot  and  cold' 
into  thin  plates;  andlikewife  drawn  out  into  wire' 
but  eafily  breaks  when  bent  with  fhort  fibres  This 
iron  is  produced  chiefly  from  fpongy,  micaceous, 
h^matitic  ores,  of  a  light  grey  colour.  Tough 
Iron  or  that  which  is  perfedly  malleable,  and  fit 
for  all  kinds  of  fmith's  work,  it  may  likewife  be 
bent  without  heating,  feveral  times  backward  and 
forward  before  it  breaks,  in  the  form  of  bars  or  wire 
It  IS  either  tough  and  soft,  or  tough  and  hard* 
when  it  comes  under  the  following  head.  Stiff  and 
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^RONG  Iron,  which  bears  much  bending,  and 
wears  well;  at  the  fame  -ijpKe  time  that  it  appears 
hard  to  the  hammer  and  file.    The  fmiths  call  it 
tough  hard.  ,It  is  not  mixed  with  fteel,  and  is  ufed 
for  making  wire.    Close  or  dense  Iron,  which  is 
the  oppofite  to  foft  and  fpongy.    This  nnuft  be  of  an 
fequable  texture  through  its  whole  mafs;  not  burft 
in  hammering,  nor  in  polifhing  exhibit  any  ftripes  or 
fpongy  places,  much  lefs  muft  it  be  what  is  called 
pinny;  and  at  the  fame  time  it  fhould  be  tough  hard, 
orftift  andftrong;  in  fhort,  it  m.uft  poffefs  the  pro- 
perties of  the  beft-  iron. 

The  beft  iron  is  that  which  firft  on  being  filed  and 
poliftied,  exhibits  an  equable  light  grey  colour;  fe- 
condly,  that  is  the  pureft  and  denfeft,  which  poffefies 
the  greateft  fpecific  gravity.    The  toughnefs  and 
ftrength  of  iron,  however,  cannot  be  difcovered  by 
this  means.  Thirdly,  when  two  pieces  of  iron,  fimi- 
lar  in  form,  and  equal  in  weight,  are  prefented  to  a 
well  armed  magnet,  that  is  the  pureft  which  holds 
the  fafteft ;  fourthly,  it  is  longer  in  rufting  in  the  open 
air,  and  when  at  laft  it  does,  it  contrafts  a  thin  coat 
of  ruft,  which  is  fpread  equably  over  its  whole  fur- 
face.    Thus,  for  inftance,  a  gun  barrel  which  exhi- 
bits an  equable  brown  rufty  color  in  eveiy  part,  con- 
fifts  of  homogeneous  iron.    Fifthly,  fire  from  the 
.     loweft  to  the  higheft  degree  of  heat,  is  tlie  moft  cer- 
tain teft  of  iron.    Thus,  that  iron  is  efteemed  the 
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llrongefl:,  which  in  the  lowefl:  degree  of  heat^  or  to 
l|3eak  more  properly,  in  the  cold,  can  bear  to  be  moft' 
hammered  when  cold,  and  be  bent  the  moft  with- 
out breaking.  Iron  which  is  the  moft  expanded,  or 
augmented  in  bulk,  when  expofed  to  heat,  and  con- 
fequently  contra6ts  the  moft  in  the  cold,  is  the  pureft, , 
for  this  reafon,  that  the  metal  which  requires  the 
greateft  heat  for  its,  fufion,  is  likewife  fubjedt  to  the 
greateft  expanfion  and  contradion.    Now  the  pureft 
iron,  as  experience  fhews,  requires  the  greateft  de- 
gree of  heat  for  its  fufion.    If  a  bar  of  foft  iron  be 
welded  with  a  piece  of  hard  iron  or  fteel,  of  an 
equal  fize,  and  cooled  haftily  while  it  is  red  hot ;  the 
mafs  becqmes  crooked,  and  bends  towards  the  foft 
fide,  becaufe  this  contrails  moft.    The  iron  there- 
fore which  in  cooling  in  water,  is  the  leaft  warped, 
is  the  moft  homogeneous  and  uniform.   The  harder 
the  iron,  the  eafier  in  general,  it  exhibits  various  co- 
lors on  its  furface,  when  expofed  to  heat,  but  parti- 
cularly blue.    Therefore,  if  iron  acquires  a  blue 
color  in  different  parts  and  places  fooner  than  the 
whole  does;  this  indicates  a  mixture  of  hard  and 
foft  iron;  the  foft  parts  do  not  turn  blue,  till  this  co- 
lor begins  to  difappear  on  the  hard  parts.    In  a 
ftrong  red  heat  the  fofceft  and  tougheft  iron  con- 
fumes  and  burns  away  moft ;  it  hkewife  produces  the 
'  fofteft  and  leaft  fharp  fcorise.    In  a  ftrong  welding 
or  meking  heat,  the  pureft  iron  throws  out  white, 
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bright,  crackling  fpaiklesi  which  an  experienced 
eye  eafily,  and  with  certainty,  diftinguifhes  from  the 
red,  coarfe,  heavy  fparkles  of  impure  J  and  particu- 
larly red-fhort  iron,  and  by  this  means  can  difcri- 
minate  the  iron  itfelf  Pure  iron  likewife  bears  a 
ftronger  heat  before  it  throws  out  fparkles,  and  in 
this  cafe  appears  of  a  milky  white  colour.  It  alfo 
may  then  beft  be  forged  and  united  with  other  kinds 
of  iron,  that  are  fubjedted  to  an  equal  degree  of  heat. 
When  prevented  from  coming  into  con  tad  with  the 
coals,  the  piireft  and  moft  malleable  iron  does  not 
fufe  at  all,  or  at  leaft  with  more  difficulty  than  any 
other  fort.  In  its  malleable  fcate,  therefore,  it  does 
notperfeftly  mix  with  any  other  metals  j  but  when 
the  air  has  accefs  to  it,  together  with  combuftiblc 
matter,  the  fufion  becomes  prafticable.  Pure  com- 
mon foft  iron  after  being  made  red  hot,  becomes  lefs 
hard  by  being  extinguifhed  in  water,  than  when  it 
has  been  left  to  cool  in  the  air  it  then  bears  ham- 
mering and  bending  J  and  is  not  found  to  be  harder 
in  one  part  than  in  another,  by  the  file  or  hammer. 
Sixthly,  aquafortis  and  other  corrofives  fhew  a  dif- 
ference in  iron.  If  it  be  laid  in  any  of  thefe  an  hour 
or  two,  foft  and  homogeneous  iron  appears  of  a  filver 
white  hue  over  its  whole  furface ;  the  hard  fort,  of  a 
dark  grey  color,  and  blackeftj  the  mixed,  variegated, 
dark,  fhadowy  fpots,  generally  indicate  crude  or 
cold  fh or t  iron  i  and  feventhly,  in  the  cementation 
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of  fteel,  the  properties  of  the  iron  appear  extremely 
evident,  and  its  defefts  plainer  than  before.  Soft 
fpongy  iron  of  a  foliated  fra6ture,  produces  in  the 
cementation  of  fteel,  blifters  as  large  as  walnuts; 
while  denfe  and  ftrong  iron,  of  a  finely  granulated 
fraflure,  exhibits  few  blifters  or  none  on  its  furface. 
Red-ftiort  iron  produces  ftill  a  more  red-fhort  fteel; 
and  cold-ftiort  iron  yields  a  fteel  fo  brittle,  that  it  can 
neither  be  wrought  hot  nor  cold.  Flaws,  fiffures, 
and  an  uneven  grain,  are  much  more  plain  and  dif-- 
tind;  in  cemented  fteel  than  in  the.  iron.  Soft  iron- 
produces  ftill  fofter  fteel;  and  the  Swcdifli  iron 
of  Oregrund  and  Dannemora,  would  hardly  have 
been  fo  well  known  in  England,  had  it  not  had  the 
trial  of  being  cemented  into  fteel 

For  common  purpofes,  a  fteel  is  prepared  from 
a  German  iron,  called  Dort^fquare ;  the  reafon  why, 
it  is  fo  called,  is,  becaufe  it  comes  from  a  place 
called  Dort,  in  fquare  bars,  of  about  3-4  of  an  inch. 
The  method  of  converting  iron  into  fteel  by  cemen- 
tation, is  as  follows,  viz.  the  iron  is  to  be  formed 
into  bars  of  a  convenient  ftze,  and  then  to  be  placed 
in  a  cementing  furnace,  with  a  fufficient  quantity  of 
cement,  which  is  compofcd  of  coals  of  animal  or  ve- 
getable fubftances,  mixed  with  calcined  bones,  &c. 
The  following  are  very  excellent  cements :  firft,  one 
part  of  powdered  charcoal,  and  half  a  part  of  wood 
afties  well  mixed  together;  or,  fecondly,  two  parts 
of  charcoal,  moderately  powdered,  one  part  of  bones, 
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horn,  hair,  or  Ikins,  of  animals,  burnt  in  clofe  vef- 
fels  to  blacknefs  and  powdere(d  ;  and  half  a  part 
of  wood  aflies,  mix  them  well  together.  The  bars 
of  iron  to  be  converted  into  fteel,  are  placed  upon  a 
ftratum  of  cement,  and  covered  all  over  with  the 
fame;  and  the  veflel  which  contains  them  clofely 
luted,  muft  be  expofed  to  a  red  heat  for  eight  or  ten 
hours,  when  the  iron  v/ill  be  converted  into  fteel. 

Steel  is  prepared  from  bar  iron  by  fufion;  which 
confifts  of  plunging  a  bar  into  melted  iron,  and  keep- 
ing it  there  for  fome  time,  by  which  procefs  it  is  con- 
verted into  good  fteel. 

All  iron  which  becomes  harder  by  fuddenly 
quenching  in  cold  water  is  called  fteel ;  and  that  fteel 
which  in  quenching  acquires  the  greateft  degree  of 
hardnefs  in  the  loweft  degree  of  heat  and  retains  the 
greateft  ftrength  in  and  after  induration,  ought  to  be 
confidered  as  the  beft. 

The  principal  characters  by  which  fteel  may  be 
diftinguifhed  from  iron,  are  as  follows :  Firft,  After 
being  furbiftied,  fteel  appears  of  a  whiter,  light  grey 
hue,  without  the  blue  caft  exhibited  by  iron.  It  alfo 
takes  a  higher  polifti.  Secondly,  The  hardeft  fteel 
when  not  annealed,  appears  granulated,  but  dull,  and 
without  ftiining  fibres.  Thirdly,  When  fteeped  in 
acids  the  harder  the  fteel  is,  of  a  darker  grey  hue  is 
its  furface.  Fourthly,  Steel  is  not  fo  much  inclined 
to  ruft  as  iron.  Fifthly,  In  general,  fteel  has  a 
greater  fpecific  gravity.  Sixthly,  By  being  har- 
dened 
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denedand  wrought,  k  may  be  rendered  much  more 
elaftic  than  iron.  Seventhly,  When  indurated,  it 
becomes  more  fonorous  than  iron.  Eightly,  When 
furbiflied,  it  appears  more  clofeand  denfe  than  iron. 
Ninthly,  It  is  not  attratted  fo  ftrongly  by  the  mag- 
net as  foft  iron  is.  It  likewife  acquires  magnetic 
properties  more  flowly,  but  retains  them  longer ;  for 
which  reafon,  fteel  is  ufed  in  making  needles  for 
compafles,  and  for  artificial  magnets.  Tenthly,  By 
hammering  and  friftion,  it  acquires  a  greater  mag- 
netic power  than  'iron  does.  Eleventhly,  In  heat, 
fteel  expands  more  than  iron.  Twelfthly,  By  indu- 
ration or  quenching  in  water,  it  retains  nearly  the 
fame  bulk  as  it  had  acquired  in  heat,  or  at  leaft  con- 
trads  very  litde  ;  while,  on  the  other  hand,  iron  con- 
trads  to  the  fame  fpace  as  it  took  up  before  ignition. 
Thirteenth,  Steel  is  ignited  fooner,  and  fufes  with  a 
Jefs  degree  of  heat,  than  malleable  iron,  which  can 
fcarcely  be  made  to  fufe  without  the  addition  of  pow- 
dered charcoal  j  by  which  it  is  converted  into  fteel, 
and  afterwards  into  crude  iron.  Fourteenth,  By  a 
particular  management,  it  may  be  fufed  and  caft, 
and  yet  continue  to  be  malleable ;  which  is  fcarcely 
the  cafe  with  foft  iron.  Fifteenth,  Poliihed  fteel  is 
fooner .  tinged  by  heat,  and  that  with  higher  colors 
than  iron.  Sixteenth,  In  a  calcining  heat,  it  fuffers 
lefs  lofs  by  burning,  than  foft  iron  does  in  the  fame 
heat,  and  the  fame  time.    In  calcination  a  light  blue 
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flame  hovers  over  the  fteel,  either  with  or  without 
a  fulphureous  odor.  Seventeenth,  The  fcales  of 
fteel  are  harder  and  iharper  than  thofe  of  iron;  and 
confequently  more  fit  for  polifliing  with.  Eigh- 
teenth, In  a  white  heat,  when  expofed  to  the  blaft  of 
the  bellows  among  the  coals,  it  begins  to  fweat,  wet, 
or  melt,  partly  with  light  colored  and  bright,  and 
partly  with  red  fparkles,  but  lefs  crackling  than  thofe 
of  iron.  In  a  melting  heat  too,  it  confumes  fafter. 
Nineteenth,  By  much  welding,  annealing,  and 
hammering,  in  a  flow,  but  fl:rong  heat  fteel  is  con- 
verted into  iron;  cement  fteel  fooner,  and  caft  fteel 
later.  Twentieth,  Covered  with  powdered  char- 
coal, prefled  down  clofe  upon  it,  and  expofed  to  a 
ftrong  heat,  it  acquires  a  flight  coat,  refembling 
black  lead.  By  being  frequently  burned,  it  becomes 
^  brittle  as  crude  iron.  Twenty-firft,  Digefted 
•with  water  in  clofe  veflTels,  it  appears  to  yield  a  fmaller 
quantity  of  inflammable  air  than  iron.  Twenty- 
fecond,  Diflblved  in  vitriolic  acid,  it  yields  lefs  in- 
flammable air  than  foft  iron  does.  Twenty-third, 
Jn  the  vitriolic,  nitrous,  and  other  acids,  fteel  it  is 
true  is  violently  attacked,  but  is  longer  in  diflblving 
than  iron.  After  maceration,  accordingly  as  it  is 
fofter  or  harder,  it  appears  of  a  lighter,  or  darker 
grey  color;  while  iron  on  the  other  hand  is  white. 
Twenty- fourth.  In  the  folution  of  fteel  in  acids,  a 
fmaller  degree  of  heat  is  produced,  than  with  tough, 
and  ftill  vv^eaker,  than  with  cold-fliort  iron.  Twenty- 
fifth, 
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fifth,  It  requires  more  nitrous  acid  for  its  compleat 
fblution.  Twenty- fixth,  In  the  cold,  it  is  propor- 
tionably  harder  and  more  brittle ;  or  lefs  malleable 
than  pure  iron.  Twenty- feventh.  In  detonating 
with  nitre,  it  yields  more  fixed  air,  than  malleable 
iron  does. 

Steel  differs  fi-om  crude  iron  chiefly  in  malleabi- 
lity, a  quality  which  is  entirely  wanting  in  the  lattefj 
both  cold  and  hotj  flill,  however,  they  both  agree 
in  many  particulars,  as  for  inflance:  Firfl,  Crude 
iron  after  being  melted  over  again  and  poliflied,  ac- 
quires as  light  and  white  a  hue  as  fleel.  Secondly, 
They  both  acquire  a  variegated  vitreous  coat  in  the. 
fire.  Thirdly,  Crude  iron  alfo  becomes  magn.-tic, 
though  more  flowly  than  fleel.  Fourdily,  After 
being  fubjefted  to  a  red  heat,  it  becomes  harder  by 
being  extinguiflied  in  water,  and  particularly  when 
melted,  and  immediately  thrown  into  water.  Fifthly, 
It  melts  eafier  than  fleel,  and  much  eafier  than 
forged  iron.  Sixthly,  When  indurated,  it  flrikes 
fire  with  flint,  though  the  fparks  produced  by  it  are 
fomewhat  weaker  than  thofe  geneiated  by  fleel. 
Seventhly,  Crude  iron  appears  to  yield  as  much  in- 
flammable air  as  fleel  by  digeflrion  in  water. 
Eighthly,  It  likewife  depofits  a  white  fediment  when 
macerated  in  acids.  Ninthly,  It  rufl:s  in  the  air  as 
flowly  as  flieel.  Tenthly,  When  cafl:  it  rino-s  like 
Heel.  ^ 
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,  AH  the  acids  diffolve  iron;  the  vitriolic  requires 
to  be  diluted  with  water  3  when  it  a£ts  with  heat  and 
effervefcence.  This  liquor  evaporated  and  left  to 
cryftallize,  forms  rhomboidal  cryftals,  called  mar- 
tial Vitriol,  green  Vitriol,  or  green  Cop- 
peras. The  nitrous  acid  diflblves  it  more  actively 
and  violently;  the  vapors  during  the  folution,  are 
red,  very  naufeous,  and  more  volatile  than  thofe  of 
the  uncombined  acid.  Marine  acid  diflblves  iron, 
but  it  does  not  fo  efFeduaily  deprive  it  of  t?he  inflam- 
mable principle  as  the  nitrous.  Thefe  two  acids 
form  with  iron,  neutral  falts,  very  deliquefcent. 
Aqua  regia  diffolves  iron  rapidly.  When  there  is  a 
fuper- abundant  q-uantity  of  acid,  the  foludons  of 
iron  appear  more  or  lefs  green,  and  remain  tranfpa- 
rent ;  but  when  the  acid  is  faturated  with  metal,  the 
color  is  more  or  lefs  yellow  or  reddifh.  Vegetable 
^cids  diffolve  iron ;  the  acid  of  tartar  forms  with 
tills  metal  a  very  deliquefcent  fait,  called  tarta-. 
risedMars. 

Alkalies  and  calcareous  earth  precipitate  iron 
from  its  foludon  in  acids;  and  when  a  foludon  of  iron 
in  nitrous  acid,  be  dropped  into  good  liquid  alkali,  a 
precipitate  takes  place,  which  on  Ibaking  the  bottle 
is  rediffolved.  This  is  called  the  martial  alka- 
line Tincture  of  Stahl.  When  tliis  liquor  is 
fully  faturated  with  iron,  and  lefttoftand,  a  fine  yel- 
low brick  colored  powder  is  depofited,  called  Saf- 
fron 
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FRON  OF  Stahl.  Sulphiir  has  a  particular  affinity 
CO  iron.  Iron  unites  with  regulus  of  antitnon/,  fil- 
ver,  copper,  lead,  &c. 

On  common  bardenmg. 

IRON  by  being  heated  red  hot,  and  phinged 
into  cold  water,  acquires  a  great  degree  of  hardnels. 
This  proceeds  from  the  coldnefs  of  the  water,  which 
contradls  the  particles  of  the  iron  into  lefs  Ipace. 

On  Cafe -hardening. 
-  CASE-HARDENING  is  a  fuperfidal  conver- 
fion  of  iron  into  fteel  by  cenn^ntation.  It  is  per- 
formed on  fmall  pieces  of  iron^  by  inclofing  them  in 
an  iron  box,  containing  burnt  leather,  bone-duft,  or 
any  other  phlogiftic  fubftance;  and  expofmg  them- 
for  fome  hours  to  a  red  hekt.  ■  The  furface  of  the 
iron  attrafts  phlogifton,  and  becomes  perfe6tly  me- 
tallized. Iron  thus  treated  is  fufceptibie  of  the  fineft 
poiifli. 

Of  colouring  Sieel  blue. 

THE  fteel  muft  be  finely  polifhed  on  its 
furface,  and  then  expofed  to  an  uniform  degree  of 
heat.  Accordingly  there  are  three  ways  of  color- 
ing; firft,  by  a  flame  producing  no  foot,  as  fpirits  of 
wine;  fecondly,  by  a  hot  plate  of  iron;  and  thirdly, 
by  wood-afhes.    As  a  very  regular  degree  of  heat  is 

I  necelTary, 
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neceflaiy,  wood-afhes  for  fine  work  bear  the  prefer* 
ence.  The  work  muft  be  covered  over  with  them, 
and  carefully  watched ;  when  the  color  is  fuffici- 
ently  exalted,  the  work  is  perfed.  This  color  is  oc- 
cafionally  taken  off  with  a  very  dilute  marine  acid. 

On  plating  of  iron. 
IRON  may  be  plated  by  three  different  modes, 
viz.  Firft,  by  polifliing  the  furface  very  clear  and 
level  with  a  burniflier ;  and  afterwards  by  expofing 
it  to  a  bluing  heat,  a  leaf  of  filver  is  properly  placed 
and  carefully  burniflied  down.  This  is  repeated  till  • 
a  fufficient  number  of  leaves  is  applied,  to  give  the 
filver  a  proper  body.  Secondly,  By  the  ufe  of  a 
folder.  Slips  of  thin  folder  are  placed  between  the 
iron  and  filver  with  a  little  flux,  and  fecured  toge- 
ther by  binding  wire.  It  is  then  placed  in  a  clear 
fire,  and  continued  in  it  till  the  folder  melts  j  when  it 
is  taken  out,  and  on  cooling  is  found  to  adhere 
firmly  J  and  thirdly,  by  tinning  the  iron  firft,  and 
uniting  the  filver  by  the  intermedia  of  thin  flips  of 
rblled  tin,  brought  into  fufion  in  a  gentle  heat. 


n 


On    r  I  N. 

TIN  is  an  imperfeft  metal,  the  color  of  which 
approaches  to  that  of  filver,  but  is  fomewhat  darker, 

and 
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and  lefs  white.  It  is  very  foft,  malleable,  and  readily 
extenfible  under  the  hammer ;  and  with  litde  or  no 
clafticity.  Its  fpecific  gravity  is  7.264.  A  wire 
I- 10  of  an  inch  diameter,  fupports  a  weight  of  4911b, 
without  breaking.  When  pure,  it  is  fcarcely  fono- 
rousi  rubbed  between  the  hands,  it  exhales  a  difagree- 
able  odor  peculiar  toitfelf;  and  has  a  tafte  no  lefs 
difagreeable.  When  bending  it  makes  a  crackling 
noife,  as  if  it  were  breaking.  It  is  very  fufible,  and 
requires  a  heat  lefs  than  fufficient  to  make  it  red  hot, 
to  melt  it;  and  when  melted,  its  furface  is  covered 
widi  a  whitifli  grey  powder,  which  is  called  the 
CALX  OF  Tin:  the  calcination  being  condnued,  the 
calx  acquires  a  white  colour,  and  a  good  deal  of  hard- 
nefs,  and  is  then  called  Putty,  which  is  ufed  for 
polifliing  glafs,  fteel,  &c.  If  very  pure  tin  be  ex- 
pofed  to  a  ftrong  heat,  a  part  fublimes,  in  form  of 
very  white  and  brilliant  needles,  called  flowers  of 
Tin.  The  calx  of  dn  urged  with  a  very  ftrong 
fire,  enters  into  perfe6t  fufion,  and  forms  glass  of 
Tin,  which  is  clear  and  tranfparent,  and  of  a  fine 
ruby  or  garnet  color. 

Leaves  of  Tin,  or  Tin-foil. 
TIN  is  beaten  into  veiy  fine  thin  fquares,  when 
it  is  called  leaf-tin.    Thefe  are  ufed  for  tinning  of 
looking-glafles. 


The 
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'Tbd  Method  of  tinning  Looking  GlaJJes. 

THE  fuccefi  of  this  operation  depends  much  on 
the  cleannefs  of  the  glafs ;  for  the  leaft  dirt  on  its 
furface,  will  prevent  the  adhefion  of  contaft  between 
the  tin  and  glafs.  The  glafs  muft  be  put  on  a  ta- 
ble, in  a  perfect  horizontal  fituation.  The  furface 
previoufly  cleaned  is  to  be  covered  with  tin  leaves, 
which  alfo  muft  be  quite  pure.  Upon  which  is 
poured  a  fufficient  quantity  of  quickfilver  to  cover 
the  whole  furface,  where  it  remains,  till  a  perfedt 
amalgamation  takes  place;  then  a  fmall  degree  of  in- 
clination is  given  it,  that  the  fuperfiuous  quicldilver 

may  run  off. 

The  vitriolic  acid  difTolves  tin  with  fcar<:ely  any 
effervefcence,  but  requires  the  aid  of  heat.  A 
ftrong  fmell  of  fulphureous  acid  exhales  during  the 
folution,  and  from  the  union  of  the  acid  with  a  por- 
tion of  the  phlogifton  of  the  metal,  a  portion  of  ful- 
phur  is  frequently  formed.  The  nitrous  Agio 
does  not  fo  much  dilTolve  as  calcine  tin.  It  attacks 
the  metal  with  great  violence,  excites  a  very  confi- 
derable  degree  of  heat,  and  converts  the  metal  into 
a  very  white  calx  infoluble  in  any  acid.  The  ma- 
rine Acid  is  the  true  folvent  of  tin^  but  it  muft  be 
in  a  concentrated  ftate,  and  aided  by  heat.  This 
folution  exhales  a  very  ftrong  odor  of  garlic  and  ar- 
I  ■       >  fenic. 
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fenic,  and  evaporated,  yields  cryftats,  which  do  not 
attrad  moifture  from  the  air.  They  are  called  Sal 
Jovis,  or  Salt  of  Tin. 

Aqua  regia  diflblves  tin  perfeftly.  This  folution 
affords  a  great  number  of  phenomena,  fometimes  ic 
is  colorlefs  j  in  other  circumftances  of  an  amber  co- 
lor} fometimes  of  a  dingy  crimfon,  and  fometimes  it 
is  converted  into  a  fine  white  tranfparent  gelly. 

Tin  caufes  nitre  to  deflagrate,  and  a  brillc  flame 
arifes  during  the  operation.  The  calx  of  tin  re- 
mains with  the  alkali.  Sulphur  combines  with  it 
by  fufion.  The  mixture  is  eager  and  britde,  and 
difpofed  in  facets,  like  the  broken  furface  of  zinc. 

If  the  cryftals  produced  by  the  union  of  copper 
with  nitrous  acid,  be  triturated  while  they  are  in  a 
moifl:  flate,  and  firewed  upon  tin  foil  to  the  thicknefs 
of  the  back  part  of  the  blade  of  a  knife^  then  rolled 
up  clofe,  the  extremities  of  the,,  foil  pinched  toge- 
ither,  and  the  whole  mafs  prelTed  down  clofe ;  great 
heat  is  produced,  and  at  length  follows  a  detonation, 
accompanied  with  flame. 

On  tinning  Metals. 

IRON  which  is  to  be  tinned,  mufl:  be  previoufly 
fteeped  in  acid  materials,  fuch  as  four  whey,  difl:il- 
ler's  wafli,  &c.  then  fcowered,  and  dipped  in  melted 
tin,  having  beenfirft  rubbed  over  with  a  folution  offal 
ammoniac.  The  furface  of  die  tin  is  prevented  from 

L  calcining 
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calcining,  by  covering  it  with  a  coat  of  fat.  Copper 
veflels  null  be  well  cleanfed;  and  then  a  fufficient 
quantity  of  tin  with  fal  ammoniac  is  put  therein, 
and  brought  into  fufion,  and  the  copper  veflel  mov- 
ed about.  A  little  refin  is  fometimes  added.  The 
fal  ammoniac  prevents  the  copper  from  fcaling,  and 
caufes  the  tin  to  be  fixed  wherever  it  touches. 
Irately,  zinc  has  been  propofed  for  lining  veflels  in- 
fbead  of  tin,  to  avoid  the  ill  confequences  which  have 
been  unjuftly  apprehended. 

The  mofl:  curious  procefs  in  all  the  metallic  arts, 
is,  the  tinning  of  copper  and  brafs,  by  the  following ; 
boil,  viz.  fix  pounds  of  cream  of  tartar,  four  gallons 
of  water,  and  eight  pounds  of  grain  tin,  or  tin  fhav- 
ings.  After  the  materials  have  boiled  a  fufficient 
time,  the  fubflance  to  be  tinned  is  put  therein,  and 
the  boiling  continued,  when  the  tin  is  precipitated  in 
its  metallic  form.  . 

Profeflbr  Gadolin  made  a  number  of  experiments 
to  explain  this  phenomenon,  from  which  the  two 
principal  conclufions,  were,  firft,  that  copper  can- 
not feparate  metalline  tin  from  a  folution  in  the  tar- 
tareous  acid,  unlefs  there  be  prefent  a  portion  of  tin 
in  its  metallic  form;  and  fecondly,  that  fuch  a  pre- 
cipitate does  not  fucceed,  if  the  acid  of  tartar  predo- 
minate to  a  certain  degree.  ^  ' 

The  profeflbr  explains  by  obferving,  that  the  tin 
in  the  moment  of  folution,  is  in  contad:  with  another 

metal. 
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metal,  viz.  the  copper,  which  has  a  ftrong  attraaion 
for  the  metallic  tinj  the  attradlion  of  the  copper 
operates  on  one  fide,  upon  th^e  metallic  part  of  the 
diffolved  tin,  which  is  neareit  the  copper ;  and  on 
the  other  hand,  the  other  particles  of  diffolved  tin, 
combine  with  that  portion  of  the  calcining  matter 
(oxigene)  which  is  neareft  the  copper;  and  by  means 
of  this  feparation  of  the  calcining  matter,  the  tin  is 
depofited  in  its  metallic  form  upon  the  copper; 
while  the  reft,  the  greateft  part,  undergoes  a  greater 
degree  of  calcination.    This  explanation  appears  to 
me  very  imperfea:  Firft,  Becaufethe  aftion  of  the 
menftruum  on  the  copper  is  not  noticed;  and  it 
feems  as  if  the  copper  remained  in  a  liquor  capable 
of  dilTolving  it,  untouched  ;  exerting  only  a  fimple 
attradion  for  the  dilTolved  tin.    Secondly,  Bodies  of 
equal  affinity  to  the  fame  menftruum,  cannot  de- 
compofe  each  other;  confequently,  the  particles  of 
tin  cannot  deprive  each  other  of  the  oxigene,  fo  as 
to  precipitate  metallic  particles  on  the  copper;  and, 
thirdly,  a  fuperabundance  of  acid,  ought  not  to  pre- 
vent the  Oxidation,  but,  on  the  contrary,  as  the  acid 
muft  flirnifti  the  Oxigene,  it  ought  rather  to  pro- ' 
mote  the  procefs. 

From  fome  experiments  which  I  have  purpofely 
made,  I  deduce  the  following  rationale;  viz.  the 
acid  of  tartar,  afts  both  on  the  furface  of  copper  and 
tin ;  the  phlogifton  of  the  copper  immediately  on  its 
extrication,  is  fcized  upon  by  thofe  particles  of  tin, 

L  2  which 
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which  are  precipitated  by  the  attraftion  of  the  me- 
tallic copper,  and  hence  affume  their  metallic  fplen- 
dor.  Thofe  particles  of  tin  which  come  not  within 
the  fphere  of  fuch  attra£tion,  are  diffufed  through 
the  whole  menftruum,  which  holding  likewife  a  por- 
tion of  copper  in  folution,  forms  a  tartarized  folution 
of  tin  and  copper;  in  which  ftate  the  metals  have  no 
aftion  on  each  other. 

Tin  eafily  unites  wkh  all  the  metals. 


BISMUTH. 

BISMUTH  is  alfo  called  Tin-glass.    It  is 
compofed  of  cubes,  formed  by  the  application  of 
plates  upon  each  other.    Its  color  is  whitifli,  with  a 
reddifli  tinge,  after  it  has  been  expofed .  to  the  air. 
Itsfpecific  gravity  is  9.670 ;  it  is  very  fufible,  and 
melts  along  time  before  it  is  red  hot.    When  ex- 
pofed to  the  fire  it  is  calcined,  and  the  flowers  are 
fublimedi  or  it  may  be  converted  into  a  yellow  glafs, 
by  urging  the  fire.    This  metal  is  not  equally  folu- 
ble  in'^all  the  acids.    The  vitriolic  affifted  by  heat 
corrodes  it ;  the  nitrous  dlffolves  it  perfediy,  and 
the  liquor  evaporated  and  fet  by,  cryftallizes,  and  is 
called  Crystals  of  Bismuth.    But  if  water' be 
added  to  this  folution,  the  bifmuth  wUl  be  precipi- 
tated 
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tated  in  awhite  powder,  called  Magistery  of  Bis- 
muth, or  Spanish  white.  The  marine  acid  dif- 
folves  bifmuth  flowly,  and  with  difficultly.  All  the 
alkalies  precipitate  it  from  its  folution  in  the  acids. 
It  unites  eafily  with  fulphur  in  fufion ;  and  with  the 
different  metals  forming  various  com;  ounds.  This 
metal  may  be  ufed  for  refining  of  filver  by  cupella*- 
tion  inftead  of  lead. 

If  acid  of  tartar  be  added  to  the  nitrous  folution  of 
this  femi- metal,  in  the  fpace  of  15  minutes,  pellucid 
cryftalline  grains  are  produced,  wliich  exhibit  a  TA^r- 
TARizED  Bismuth. 


On  NICKEL, 

THE  difcovery  of  this  metallic  fubftance,  was 
publifhed  by  Mr.  Cronftedt,  a  celebrated  Swedifh 
mineralogift,  in  the  accounts  of  the  academy  of 
Stockholm,  for  the  years  175 1,  and  1754.  This 
mineral  is  found  in  feveral  German  mines,  and  pro- 
bably in  other  countries,  but  very  rarely.  It  is  of  a 
grey,  and  fometimes  a  fhining  yellowifli  color.  It 
is  to  Arvidfon,  of  Upfal,  that  we  are  indebted  for  a 
full  analyfis  of  this  fubftance.  He  found  that  nickel 
is  to  water,  as  9000  to  1000  ;  that  the  more  it  was 
purified,  the  more  it  approached  to  the  tenacity,  mal- 

L  3  leability, 
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leability,  infufibility,  and  magnetifm  of  iron;  at  the 
fame  time  it  becomes  more  fixed;  more  difficult  to 
be  calcined ;  and  its  calx  is  of  a  green  color.    It  is 
foluble  in  acids.    The  vitriolic  attacks  its  calx  with 
which  it  forms  a  green  fait,  containing  ten  fides, 
called  Vitriol  of  Nickel.     The  acid  of  nitre 
diffolves  it  \\  ith  difficulty.    The  marine,  and  moft 
of  the  vegetable,  diffolve  it  with  more  or  lefs  eafe; 
and  the  folutions  are  more  or  lefs  inclined  to  a  green 
color.    Alkalies  combine  with  it.    The  folution 
made  with  fixed  alkalies  is  yellowifli;  while  that  of 
the  volatile  alkali  is  always  blue.    Although  it  is 
as  difficult  of  fufion  as  forged  iron  when  purified ; 
it  eafily  fufes,  when  combined  with  other  metals. 
Impure  nickel  will  not  contrad  any  union  with  fil- 
ver ;  and  copper  unites  with  difficulty ;  it  will  not 
amalgamate  with  quickfilver;   but  when  pure  it 
melts  with  zinc,  and  forms  a  brittle  allay. 

Nickel  is  not  at  prefent  ufed  in  the  Arts.  Jt 
tinges  glafs  of  a  green  color. 


ARSENIC. 

ARSENIC  is  the  calx  of  a  femi-metal;  of  a 
white,  cryftalline,  brilliant  mafs;  but  foon  becom- 
ing opake,  without  lofing  its  whitenefs.  Weighed 

in 
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in  water  it  lofes  1-5  of  its  weight.  It  has  fome  pro- 
perties in  common  with  faks.  It  diflblves  in  oiiy, 
fpirituous,  and  watery  liquors. .  It  unites  with  phlo- 
gifton,  and  is  changed  into  a  true  femi-metal, 
which  is  called  Regulus  of  Arsenic.  This  h 
heavier  than  arfenic;  its  fpecific  gravity  is  8.308. 
Arfenic  differs  elTentially  from  all  metallic  calces  and 
earths;  firft,  in  being  conftantly  volatile;  fecondly, 
metallic  calces  when  perfe£tly  calcined,  are  entirely 
free  from  tafte,  fmell,  &c.  thirdly,  no  kind  of  earths, 
nor  metallic  calces,  can  contra6t  an  union  with 
metalHc  fubftances;  arfenic  will  unite  with  all  the 
metals  and  femi-metals ;  and  fourthly,  earths  and  me- 
talhc  calces  have  notanyadion  on  nitre;  whereas  ar- 
fenic decompofes  it,  not  by  deftroying  its  acid,  as 
phlogifton  does,  but  by  difengaging  it,  and  uniting 
with  its  alkaline  bafe,  forming  neutral  arseni- 
cal Salt.  The  mineral  acids  attack  arfenic,  but 
make  a  bad  folution.  Sulphur  unites  with  it,  and 
forms  a  femi-tranfparent,  veiy  heavy  mafs  of  a  yel- 
low color,  called  Orpiment;  if  the  portion  of  ful- 
phur  be  augmented,  there  refults  a  red,  fhining,  brit- 
tle fubftance,  called  red  Orpiment,  or  Realgar. 
It  has  been  amalgamated  with  quickfilver,  but  this 
union  is  attended  with  great  difficulty. 


ANTI- 


< 
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ANTIMONY. 

THIS  is  a  mineral,  of  a  metallic  fliining  leaden 
color  J  compofed  of  long,  brittle,  parallel  needles. 
It  is  compofed  of  a  femi-metallic  fubftance,  called 
Regulus  and  Sulphur.    The  fpecific  gravity  of 
the  regulus  is  6.860.    The  regulus  is  obtained,  by 
putting  the  crude  ore  in  a  crucible  with  charcoal 
fluft,  and  a  quantity  of  iron  nails,  and  when  it  is  in 
fufion,  proje6ling  now  and  then*a  little  nitre.    It  is 
then  poured  into  a  cone,  and  the  regulus  will  be 
found  at  the  bottom.    This  is  moderately  hard,  but 
poflefles  no  dpilility;  the  adion  of  air  and  water  de- 
fcroys  its  luftre.    It  is  fufible  in  a  moderate  heat, 
which  being  encreafed,  it  is  dilTipated  in  vapors^ 
which  are  called  the  argentine  Flowers  of  the 
Regulus  of  Antimony.    The  regulus,  by  a  cal- 
cination in  a  moderate  fire,  is  changed  into  a  grey 
calx,  which  being  urged  with  a  greater  heat,  is  con^ 
verted  into  a  tranfparent  glafs,  called  Glass  of  An» 
TiMONY,  of  a  brown  color,  more  or  lefs  deep.  The 
mineral  acids  diffolve  regulus  ofantimony  with  great 
difficulty;  to  diflblve  it  in  the  vitriolic,  the  acid  muft 
be  applied  in  a  very  concentrated  ftate,  and  expofe4 
to  a  confiderable  degree  of  heat.    A  very  volatile 
fulphureous  acid  arifes,  of  a  very  penetrating  fmell, 
and  at  the  bottom  of  the  veffel,  remains  a  white  fa- 

linc 
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line  mafc.  The  nitrous  acid  only  corrodes  the  re- 
giilus,  and  converts  it  into  a  white  calx.  The  ma- 
rine acid  afts  upon  regulus,  by  particular  treat- 
ment, and  forms  a  compound,  caUed  Butter  of 
Antimony. 

'^ 0  make  Butter  of  Antimony  . 
TO  fix  ounces  of  well  pulverifed  regulus  of  anti- 
mony, add  1 6  ounces  of  corrofive  fublimate.  Dif- 
til  with  a  gentle  heat,  in  a  fand  bath ;  after  having 
luted  a  receiver  to  the  retort.    The  fire  is  to  be  gra- 
dually encreafed,  and  a  heavy  liquor  arifes,  which 
congeals  in  the  receiver  as  it  cools.    This  is  the 
butter.     In  this  procefs,  the  acid  of  the  corro- 
five fublimate  becomes  very  concentrated,  and  by 
tjie  heat  attacks  the  antimony,  and  is  converted 
into  a  liquor  which  condenfes  in  cold;  the  mercury  of 
the  corrofive  fublimate  is  left  behind  in  a  fluid  ftate. 
If  any  running  mercury  fliould  be  forced  over  by  the 
heat  being  too  great  during  the  diftillation,  it  is  pu- 
rified therefrom  by  a  fecond  diftillation,  which  is 
called  Rectification.    If  water  be  added  to  but- 
ter of  antimony,  a  white  powder  precipitates,  which 
is  called  Powder  of  Algaroth.    This  powder 
difiblved  in  acid  of  tartar,  forms  the  emetic  tartar, 
which,  when  properly  prepared,  fo  that  equal  quan- 
tities fliall  always  contain  equal  portions  •  of  anti- 
mony, is  va%  fuperior  to  Dr.  James's  powder,  or 
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all  the  other  antimonial  preparations.  Bergman 
from  an  analyfis  of  an  ounce  of  different  emetic  tar- 
tars, found  one  to  contain  90  grains,  another  108 
grains,  and  a  third  1 54  grains  of  antimony ;  and  this 
variation  will  generally  be  found  in  this  article,  pro- 
cured for  common  fale.  The  following  is  a  pro- 
cefs,  by  which  emetic  tartar  is  obtained,  that  inva- 
riably contains  a  precife  quantity  of  antimony,  viz. 
boil  five  ounces  of  cream  of  tartar,  with  two  and  a 
half  drachms  of  powder  of  algaroth,  in  a  fufficient 
quantity  of  diftilled  water  in  a  glafs  veffel.  The 
powder  of  algaroth  muft  be  previoufly  well  wafhed. 
This  folution  being  gently  evaporated  yields  cryftals, 
which  muft  be  put  on  paper  unalumed,  to  abforb  the 
fuper-abundant  moifture.  Thefe  cryftals  contain 
1-3  of  their  weight  of  antimony;  and  three  grains 
may  be  diffolved  in  half  an  ounce  of  pure  water. 

Liver  of  Antimony. 
AFTER  the  detonation  of  equal  parts  of  nitre 
and  crude  antimony,  the  matter  enters  into  fufion, 
and  on  breaking  the  crucible,  there  is  found  at  the 
bottom,  a  brown,  opake,  very  brilliant  mafs,  which 
cafily  breaks,  and  is  called  Liver  of  Antimony. 

Rotrou's  Solvent. 

CRUDE  antimony,  with  three  parts  nitre,  be- 
comes dephlogifticated  by  the  adion  of  the  fire  and 

nitre. 
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nitre.  The  refiduu.m  enters  into  a  pafte  like  fufion; 
it  is  poured  on  a  marble,  pulverifed  and  kept  in  a 
bottle. 

The  mafs  remaining  above  is  white  and  opake. 
It  attrads  moifture  from  the  air.  The  faks  which 
it  contains  dififolve  in  water,  and  a  white  powder 
falls  down,  which  bears  the  name  of  diaphoretic 
Antimony;  which  is  the  fame  as  the  Materia 
Perlata,  or  Ceruss  of  Antimony. 

Aqua  regia  dilTolves  the  regulus  of  antimony, 
with  the  afllftance  of  heat  if  crude  antimony  be  ufed 
the  fulphur  is  feparated  of  its  ufual  color. 

Butter  of  animony  is  difTolved  both  in  the  ma- 
rine and  nitrous  acids ;  if  the  laft  folution  be  eva- 
porated to  drynefs,  a  white  powder  remains,  called 
Bezoar  Mineral. 

Alkalies  ad  on  crude  antimony,  either  in  the  dry 
or  moift  way.  If  alkaline  fait  and  crude  antimony 
be  fufed  together,  the  alkali  unites  with  the  fulphur^ 
and  forms  a  hepar,  which  dilTolves  a  portion  of  the 
regulus.  It  forms  a  mafs  of  a  deep  red  color,  folu- 
ble  in  boiling  water;  which  when  cold  depofits  a 
red  powder, called  Kermes's  Mineral.  The  beft 
method  of  preparing  Kermes,  is,  by  reducing  crude 
antimony  to  a  fine  powder,  and  throwing  it  in  fmall 
quantities  into  a  boiling  alkaline  liquor.  The 
Kermes  forms  in  a  minute,  the  liquor  muft  be  fil- 

teredi 
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tered;  and  the  procefs  repeated  till  no  more  is 
formed. 

The  regulus  of  antimony  unites  with  mofl  of  the 
metalsj  and  forms  different  compounds. 


COBALT. 

COBALT  is  a  very  heavy  metal,  of  no  determi- 
nate figure ;  of  a  grey  color,  more  or  lefs  brilliant  f 
of  a  fine  compad  clofe  grain  j  the  furface  of  which, 
when  it  has  been  expofed  to  the  air,  is  covered  with 
an  efflorefcence  of  the  color  of  a  peach  blofTom.  Its 
Ipecific  gravity  is  7.700.  This  regulus  is  extracted 
from  an  ore,  which  likev/ife  affords  arfenic ;  and 
fometimes  filver  and  bifmuth.  The  torrefied  ore 
reduced  to  powder,  and  mixed  with  twice  its  weight 
of  flints  forms  Zaffre.  Zaffre  mixed  with  fixed 
alkali,  and  brought  into  a  glaffy  fufion,  forms  Azure 
Blue. 

The  regulus  becomes  red  in  the  fire  before  it 
melts.  The  vitriolic  acid  diflblves  it  with  difficulty, 
and  then  muft  be  affifted  by  heat.  The  folution  is  of 
a  deep  reddifh  color.  The  nitrous  acid  diflblves  it 
with  impetuofity ;  the  folution  is  of  a  dingy  crim- 
fon  color  j  and -if  evaporated  yields  cryflals,  called 

COBALTIC 
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GoBALTicNiTRB.  The  marine  acid  will  diflblvc 
ky  but  it  muft  be  cohobated  feveral  times.  The 
beft  folvent  is  aqua  regiaj  its  folution  is  clear,  and  of 
a  peach  bloffom  color. 

It  is  precipitated  from  its  fblutions  by  the  alka- 

lies» 


On  MANGANESE. 

•  THIS  femi-metal  was  firft  accurately  defcribedj 
and  its  properties  admirably  explained  by  the  cele- 
brated Scheele,  about  the  year  1774.  It  was  after- 
wards exhibited  in  its  metallic  form  by  Mr.  Gahn,  of 
Upfal,  and  defcribed  by  Bergman,  in  the  and  voL 
©f  his  worlcs  ;  fince  which  it  has  been  produced  by 
feveral  chemifts  in  every  part  of  Europe. 

The  regulus  is  of  a  dulky  white  color,  an  irregu- 
lar and  uneven  furface,  arifing  from  its  imperfed 
fufionj  in  its  frafture,  it  is  bright  and  Ihining,  but 
foon  tarnifties  on  expofure  to  the  air.  It  is  harder 
than  iron,  lefs  fufible,  and  very  brittle.  Its  fpecific 
gravity  is  6.850.  When  pulverifed  it  is  always 
magnetic,  though  larger  pieces  be  not  fo.  Jf  it  be 
expofed  to  the  air,  particularly  in  moift  weather,  it 
foon  crumbles  into  a  blackifh  brown  powder,  which 
is  fometimes  heavier  than  the  regulus.  Tt  is  foluble 

in 


158  CHEMICAL  PRINCIPLES  OF 

in  acids,  but  moft  readily  in  the  nitrous,  and  its  folu- 
tions  are  moftly  of  a  reddifh  color,  but  that  in  the 
nitrous  is  generally  brownifh  from  a  flight  taint  of 
ironj  but  there  is  always  a  fpongy  refiduum  of  the 
nature  of  plumbago  left  undiflblved.  Thefe  folu- 
tions  give  a  white  precipitate,  w  hich  on  expofure  to 
heat  grows  black.  Manganefe  fufed  with  fixed  al- 
kali, yields  a  dark  green  mafs,  which  diflblves  alfo 
with  the  fame  color  in  watery  but  from  this  changes 
to  red. 

It  is  ufed  in  glafs-houfes  to  render  green  glafs 
white.  It  is  probable  that  glafs  is  colored  by  the 
phlogifton,  contained  in  the  impure  flints,  or  alkali 
ufed  in  forming  the  glafs.  The  cak  of  manganefe 
has  a  very  fl:rong  attradion  for  phlogifl:on;  confe- 
quently,  by  adding  it,  it  deprives  the  glafs  of  its 
fuper-abundant  quantity,  and  by  communicating  a 
darkifli  tinge,  deftroys  the  remaining  bluifli  call, 
and  produces  an  apparent  whitenefs. 


The  MINERAL  CAMELEON. 

IF  one  part  of  manganefe,  be  mixed  with  three 
parts  of  nitre,  and  kept  in  a  crucible  in  the  fire,  till 
the  nitre  be  deftroyed,  the  mixture  becomes  a  grum- 
ousmafs,  and  is  called  the  Mineral  Cameleon, 

becaufe 
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becaufe  if  a  little  of  it  be  poured  into  a  glafs  of  fpring 
water,  the  fineft:  change  of  colors  is  feen  in  the 
quickeft  fucceflion ;  a  moft  beautiful  green  color  ap- 
pearing firft,  which  is  inftantly  changed  to  a  violet, 
and  laftly  to  a  red. 


ZINC,  or  SPELTER. 

ZINC  is  a  femi-metal  of  a  whitifh  color,  rather 
of  a  bluifh  call  3  very  malleable,  and  capable  of  be- 
ing beaten  into  very  thin  plates.    Its  fpecific  gra- 
vity is  6.862.    It  is  not  eafily  calcined  by  the  adion 
of  air  and  water.    It  enters  into  fufion  at  the  fame 
time  that  it  becomes  red.    Continued  in  this  heat, 
its  furface  is  calcined  and  reduced  to  a  grey  calx ;  but 
when  it  is  expofed  to  a  white  heat,  it  flames,  and  dur- 
ing the  inflammation,  it  exhibits  a  very  beautiful  and 
ftriking  appearance.    The  flame  of  zinc  is  infinitely 
more  lively,  more  luminous  and  brilliant  than  the 
flame  of  any  other  inflammable  body.    During  this 
combufl:ion,  the  calx  is  raifed  in  vapor,  which  being 
condenfed  forms  light  flocks  jthefe  are  called  Flow- 
ers of  Zinc,  or  Philosophical  Wool.  The 
acids  diflblve  zinc ;  the  vitriolic  with  confiderable 
effervefcence ;  the  folution  evaporated  yields  cryf- 
tals,  called  Vitriol  of  Zinc,  or  white  Copperas. 

The 
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The  nitrous  and  marine  diffolve  it,  the  former  fohi- 
tion  cryftallizes  into  a  foliated  faline  lunnp,  which 
attrafts  moifture  fronfi  the  air;  the  latter  does  not 
cryfl:alli2;e,  it  yields  inflammable  air  during  its  folu- 
tion ;  and  depofits  black  flakes,  which  appear  to  be 
plumbago.  Sulphur  has  not  any  aftionupon  it,  hence 
a  complete  method  of  feparating  any  other  metal 
from  it.  It  unites  with  moft  of  the  metals,  and 
•  forms  different  alloys. 

As  much  of  the  Metallic  Nature  of  Mo- 
LYBDENA  and  Tungsten  as  is  known,  has  been 
mentioned  before. 


QJJ  I  C  K  S  I  L  V  E  R. 

QUICKSILVER  is  a  fhining  metallic  fubftancc, 
refemblingfilver  externally.  Its  fpecific  gravity  ifi 
14.110  a  cubic  foot  weighs  9471b.  neither  air  nor 
water,  has  ar^y  aaion  upon  it,  but  by  particular 
treatment.  Its  furface  tarnifties  neverthelefs  to  a 
certain  degree,  and  more  quickly  than  gold  or  fil- 
ver,  ^hm  it  is  expofed  to  the  air,  but  this  proceeds 
from  the  duft  floating  in  die  air  fixing  on  its  fur- 
face;  watery  vapors  alfo  appear  to  be  attrafted  by 
mercury.  It  is  eafily  purified  from  any  adhering 
fubftance,  by  preffing  it  dirough  leather.  Its  inte- 
5  grant 
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grant  parts  like  fluids  mutually  attra£l  each  other, 
and  always  acquire  a  convex  or  fpherical  form, 
when  they  touch  bodies  with  which  they  have  no 
tendency  to  unite.  Mercury  expofed  to  the  fire  fuf- 
fers  no  change  from  a  heat  which  is  not  fuperlor  to 
boiling  v/ater.  In  a  great  heat  it  is  entirely  evapo- 
rated away ;  and  it  undergoes  no  change  from  this 
evaporation;  for  if  the  vapors  be  condenfed,  they 
will  form  running  mercury  again,  ^oerhaave  dif- 
tlUed  i8  ounces  of  quickfilver  500  times,  without 
perceiving  any  other  change,  than  that  its  fluidity  and 
Ipecific  gravity  were  a  little,  encreafed,  probably 
from  a  purification  of  the  mercury-,  rather  than  from 
any  change  in  its  parts.  By  digefting  mercury  in  a 
ftrong  heat,  it  is  calcined  on  its  furface;  forming  a 
red  powder  called  precipitate  per  SE.The  ftrongeft 
heat  which  mercury  can  fuftain  is  neceflary  for  this 
preparation.  Till  lately,  it  was  thought,  that  the 
fluidity  of  mercury,  was  as  eflTential  to  it  in  its  natu- 
ral ftate  as  its  volatility;  fo  that  thofe,  who  had  la- 
bored to  render  it  fixed,  expe6led  to  attain  their  pur- 
pofe  only,  by  producing  a  great  change  on  its  nature. 
In  1759,  quickfilver  was  confolidated  by  fome  of  the 
Members  of  the  Academy  of  Peter/burgh.  On  the 
2 5th  of  December,  in  that  year  the  cold  was  intenfe; 
which  afllfted  by  artificial  methods,  perfe6lly  con- 
gealed the  Quickfilver.  This  has  been  eifecled 
frequently  fince  by  artificial  .  means  only,  by  Mr. 

M  .  Walker, 
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Walker,  of  Oxford.  In  this  ftate  of  congelation  it 
bore  to  be  extended  under  the  hammer,  but  did  not 
remain  folid  longer  than  a  few  minutes. 

Vitriolic  acid  does  not  diflblve  mercury,  or  but  a 
fmall  portion  of  it;  the  faline  cryftalline  mafs  left  after 
the  adion  of  the  vitriol,  is  called  Vitriol  of  Mer- 
cury, which  being  difflifed  in  a  large  quantity  ofwa- 
ter,  gives  a  fine  bright  yellow  precipitate,  called  yel- 
low Precipitate,  or  TURBiTH  Mineral.  During 
the  walhing,of  the  vitriol  of  mercury,  the  water  dif- 
folves  a  portion  of  it  3  and  if  an  alkali  be  added,  a 
yellow  precipitate  falls  down,  of  the  fame  nature,  but 
fomething  paler  than  the  above.    The  nitrous  acid 
dilTolves  mercury  with  heat  and  effervefcence.  The 
folution  is  almoft  colorlefs;  evaporated  it  yields  cryf- 
tals,  called  Mercurial  Nitre;  which,  by  being 
■expofed  to  heat,  lofes  almoft  all  its  acid,  and  becomes 
of  a  red  color,  and  is  called  red  Precipitate. 
The  marine  acid  diffolves  quickfilver  in  fmall  quan- 
tity when  concentrated  and  afTifted  by  heat.    If  to 
a  folution  of  quickfilver  in  nitrous  acid  a  little  ma- 
rine acid  be  added,  a  white  precipitate  of  little  folu- 
bility  falls  down,  called  white  Precipitate;  which 
being  dilTolved  in  dilute  marine  acid,  and  evaporated, 
yields  cryftals  of  corrosive  Sublimate.  This 
method  is  more  convenient,  and  more  fimple  than 
the  common  method  of  making  corrofive  fubli- 
mate,  which  is  as  follows,  viz,  take  quickfilver  four 
.  ounces. 
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ounces,  and  diffolve  it  in  four  ounces  of  weak  ni- 
trous acid,  evaporate  the  folution  to  drynefs ;  then 
add  fea  fait,  and  martial  vitriol,  of  each  five  ounces, 
grind  them  well  together  and  fublime.  This  iak 
contains  a  fuper-abundant  quantity  of  acid,  which 
being  neutralized  by  triturating  it  with  quickfilver 
and  fublimed,  is  called  Calomel.  Vinegar  dif- 
folves  the  calx  of  mercury,  and  forms  flaky  cryftals. 
Moft  of  the  vegetable  acids  a£l  upon  its  calx. 

Sulphur  unites  with  quickfilver;  if  they  be  fub- 
limed together,  a  reddifh  mafs  is  produced,  called 
Cinnabar,  which  being  finely  ground,  acquires  a 
fine  fcarlet  color,  and  is  called  Vermillion.  By  be- 
ing triturated  together,  they  form  a  black  powder, 
called  tEthiops  Mineral. 

The  alkalies  precipitate  it  from  its  folution  in  the 
acids,  and  if  they  be  in  a  cauftic  ftate,  rediflTolve  a 
portion  of  the  calx. 

Quickfilver  may  be  reduced  to  a  calciform  ftate 
by  agitation.  Romberg  firft  made  the  experiment, 
by  tying  a  velTel  containing  a  quantity  of  it  to  the 
wing  of  a  windmill. 


On  COMPOUND  METALS. 

METALS  in  general  will  unite  with  each  other 
by  fufion  or  amalgamation,  and  acquire  new  pro- 
perties.   Brafs  is  a  compound  of  copper  and  zinc ; 

M  2  and 
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and  poffeflTes  a  different  color  to  either  of  the 
component  parts.      Sometimes   the  compound 
will  retain  the  color  of  one  of  the  component 
metals,  partifcularly  when  there  is  a  great  differ- 
ence in  the  proportion  of  the  parts,  as  in  the  amal- 
gamation of  gold  with  quickfilver.  Compound 
metals  are  always  of  greater  fpecific  gravity  than 
either  of  their  parts,  but  their  abfolute  gravity  is  di- 
miniflied.    Their  duftility  and  malleability  differ 
from  the  metals  which  compofe  them,  fometimes 
encreafing,  at  others  diminifhing.    Silver  and  tin  in 
an  uncombinedflate  are  both  malleable  andduftile; 
but  filver  united  to  a  fmall  portion  of  tin,  has  them 
both  diminiflied.    The  volatility  of  metals  is  much 
affefted  by  union ;  the  mofl  fixed  becoming  volatile, 
whilfl  the  moft  volatile  acquires  a  certain  degree  of 
fixity.    Gold,  though  very  fixed  in  itfelf,  yet  can  be 
elevated  by  heat  when  amalgamated;  while  the  mer- 
cury by  the  union  lofes  confiderably  of  its  volatility. 
Their  fufibility  is  much  altered  by  mixture;  a  re- 
markable inflance  occurs  in  the  compound  ofBif- 
muth,  tin,  and  lead.    Eight  parts  of  bifmuth,  three 
of  tin,  and  five  of  lead,  will  form  a  metal,  which  will 
completely  melt  in  boiling  water;  which  is  a  degree 
of  heat  lefs  by  193^  than  the  moil  fufible  metal  of 
the  compound,  viz.  Tin. 

Bell-metal  is  a  flriking  proof  of  the  change  which 
the  properties  of  bodies  undergo  from  union.  This 
compound  is  one  of  the  hardeft  and  mofl  fonorous 

of 
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of  all  the  compound  metals,  although  copper  is  very 
little  fonorousj  and  tin  lefs  fo. 

.  .  Standard  of  Britifh  Gold  Coin. 

THIS  ftandard  by  law,  is  for  every  pound  troy 
weight,  to  contain  1 1  - 1 2  of  pure  gold,  and  i  - 1 2  of 
alloy.  This  quantity  is  cut  into  forty- four  guineas 
and  a  half,  or  other  pieces  of  like  nominal  value, 
without  any  dedudion. 

Standard  Silver. 
ELEVEN  ounces  two  penny-weights  of  fine  fil- 
ver,  and  eighteen  penny- weights  of  alloy  in  a  pound 
troy. 

Gold  Solder. 

PURE  gold  twelve  penny- weights ;  pure  filver 
two  penny- weights,  and  copper  four  penny -weights. 

Ring-Gold. 

SPANISH  copper  fix  penny-weights  and  twelve 
grains ;  three  penny-weights  and  lixteen  grains  of 
fine  filver;  to  one  ounce  five  penny- weights  of  gold 
coin.    This  is  worth  about  3I.  per  ounce. 

Gold  from  35^.  to  /[os.per  Ounce. 
EIGHT  ounces  eight  penny-weights  ofSpanlfli 
copper,  ten  penny- weights  of  fine  filver,  to  one 
ounce  of  gold  coin. 

M  3  Manbeim- 
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Manheim-Gold,  or  Similar. 
THREE  ounces  and  a  half  of  copper,  one  ounce 
and  a  half  of  brafs,  and  fifteen  grains  of  pure  tin. 

Pinchbeck, 

ONE  ounce  of  brafs,  one  ounce  and  a  half,  or  two 
ounces  of  copper  fufed  together,'under  a  coat  of  char- 
coal duft. 

Prince's  Metal. 

Three  ounces  of  copper,  and  one  ounce  of  zinc,  or 
eight  ounces  of  brafs,  and  one  ounce  of  zinc. 

Tombac. 

SIXTEEN  ounces  of  copper,  one  ounce  of  tin, 
and  one  ounce  of  zinc. 

Hard  Pewter, 
TWELVE  ounces  of  tin,  one  ounce  of  regulus  of 
antimony,  and  two  drachms  of  copper. 

Blanched  Copper. 

EIGHT  ounces  of  copper,  and  half  an  ounce  of 
neutral  arfenical  fait,  fufed  together,  under  a  flux 
compofed  of  calcined  borax,  charcoal  duft,  and  fine 
powder  glafs. 


Bell 
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Bell  Metal. 

ONE  hundred  parts  of  copper,  mixed  with  from 
twenty  to  twenty-five  parts  of  tin. 

Gun  Metal. 

ONE  hundred  pounds  of  copper,  and  twelve  pounds 
of  tin,  either  with  or  without  a  little  brafs. 

Beft  hard  White. 
ONE  pound  of  Briftol  brafs,  two  ounces  ofipelter, 
and  one  ounce  of  block  tin. 

Common  hard  White. 

ONE  pound  of  brafs,  one  ounce  and  a  half  of 
fpelter,  and  half  an  ounce  of  tin. 

Bath  Metal. 

ONE  pound  of  brafs,  and  four  ounces  and  a  half  of 
fpelter. 

White  Metal. 
TWO  pounds  of  regulus  of  antinnony,  eight 
ounces  of  brafs,  and  ten  ounces  of  tin. 

Vlatina, 

EIGHT  ounces  of  brafs,  and  five  ouncesof  Ipelter. 

M  4  Hutania 
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'Tutania. 

EIGHT  ounces  of  brafs,  two  poynds  of  regulys  of 
antimony,  and  feven  ounces  of  tin. 

Silver  Solder  for  Jewellers. 

NINETEEN  penny-weights  of  fine  filver,  cop- 
per one  penny-weight,  and  of  brafs  ten  penny-weights. 

Silver  Solder  for  flating, 

TEN  penny-weights  of  brafs,  and  one  ounce  of 
pure  filver. 

A  metallic  Inje5lion. 

EQUAL  parts  of  bifmuth,  lead,  and  Tin,  with 
a  fufRcient  quantity  of  quickfilver,  form  a  fubftance 
ufeful  for  injefling  the  blood  veffels  of  animals. 

For  quicking  hollow  Globes,  & c, 
TWO  parts  of  bifmuth,  one  of  tin  and  lead,  and 
ten  of  mercury,  mixed  together,  form  the  amalgam, 
which  is  fpread  by  giving  the  globe  a  circular  motion. 

I'litemg. 

TWO  parts  of  tin,  and  one  of  bifmuth. 

A  Metal  for  Printer's  Types. 
DIFFERENT   proportions   of  lead,  copper, 
brafs,  and  antimony,  coiiftitute  this  metal.  Every 

artift 
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artift  has  his  own  proportions,  fo  that  the  fame  compo  - 
fition  cannot  be  obtainedTrom  different  founderiesj 
€ach  boafts  of  the  fuperiority  of  his  own  mixture, 

Hard  Solder. 
TWO  pounds  of  copper,  to  one  pound  of  tin. 

Soft  Solder. 
TWO  thirds  of  tin,  and  one  of  lead. 

A  white  Copper. 
THIRTY -TWO  parts  of  copper,  fifteen  of 
tin,  four  of  brafs,  and  two  of  arfenic. 

A  white  Metal. 
TEN  ounces  of  lead,  fix  ounces  of  bifmuth,  and 
-  four  drachms  of  regulus  of  antimony. 

A  Metal  for  Mirrors. 
COPPER  thirty-two  parts,  tin  fifteen,  brafs  one, 
filver  one,  arfenic  one. 

Brafs. 

BRASS  is  either  made  by  fufing  copper  and  zinc 
together  ;  or  by  fufing  copper  and  the  ore  of  zinc, 
or  lapis  calaminaris.  From  6olb.  of  good  calamine, 
and  4olb.  of  copper,  6olb.  of  brafs  may  be  obtained. 
To  obtain  a  better  brafs  either  the  metals  muft  be 
ufed,  or  the  common  brafs  muft  be  cemented  with 

calamine 
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calamine  and  charcoal  duft,  and  fometlmes  manu- 
fafturers  add  to  it,  old  brafs,  by  which  the  new  is 
faid  to  be  meliorated. 


Oa   the  FORMATION   of  COMPOUND 
METALS. 

THE  attraflion  of  cohefion  of  the  different  me- 
tals,, which  are  to  form  the  compound,  muft  be  over- 
come j,  accordingly  they  are  brought  into  a  ftate  of 
iufion,  and  well  mixed  together.  The  compound  is 
not  formed  by  a  chemical  union  of  the  particles  of 
tlie  different  metals,  but  from  an  equable  diffufion 
through  each  other,  and,  being  detained  in  that  ftate 
by  the  attradion  of  cohefion.  As  metals  fufe  in  dif- 
ferent degrees  of  heat,  care  fhould  be  taken  not  to 
add  thofe  metals  which  fufe  eafily,  to  thofe  which 
require  a  greater  degree  of  heat,  while  they  are  too 
hot  J  becaufe  the  former  may  evaporate  and  leave  the 
compound  imperfed:.  Or,  if  they  be  brought  into 
fufion  together,  it  fliould  be  under  a  flux  to  prevent 
the  volatile  metals  from  being  burnt  away,  before 
the  union  is  effeded. 


PART  III. 

O  N 

METALLIC  CALCES 

AND 

PRECIPITATES. 
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On  METALLIC  CALCES  and  PRl?.- 
CIPITATES. 


FIRST,  By  metallic  calces,  we  xinderftand  me- 
tals fimply  deprived  of  their  phlogifton  by  tlie 
aftion  of  heat  and  air. 

Secondly,  By  precipitate,  that  infoluble  fubftance 
which  is  thrown  down,  after  the  folution  of  a  metal 
in  an  acid,  on  the  application  of  a  limple  or  com- 
pound body,  which  exerts  a  greater  attradion  for  the 
folvent. 


METALLIC  CALCES  and  PRECIPITATES 

o/GOLD. 

A  folution  of  gold  in  aqua  regia,  which  is  evapo- 
rated to  drynefs,  leaves  a  calx  of  gold  which  is  ufed 
for  glafs,  enamel,  and  porcelain  gilding;  or  by  pre- 
cipitadng  the  folution  with  green  vitriol  difTolvedia 
water,  with  copper,  or  perhaps  all  the  metals,  a  fimi- 
lar  calx  is  produced.    This  calx  is  mixed  widi  fome 
elTendal  oil,  as  oil  of  fpike,  and  calcined  borax,  and 
the  whole  made  to  adhere  to  the  furface  of  the  glafs, 
by  a  folution  of  gum  arable.    It  is  then  applied  witli 
a  fine  pencil,  and  burnt  in  under  a  muffle. 

I  Mineral 
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Mineral  purple,  or  CaJJius's  Precipitate. 
M  A  K,  E  a  folution  of  gold  in  aqua  regla. 
Then  make  another  folution  of  tin  in  the  fame  men- 
ftruum  i  without  heat,  by  adding  the  tin  in  fmall 
quantities,  till  it  is  faturated ;  which  may  be  known 
by  the  aqua  regia  a6ting  no  longer  on  the  tin ;  and 
the  folution  acquiring  a  brownifh  whey  color.  The 
folution  of  gold  is  to  be  diluted  with  loo  times  its 
quantity  of  diftilled  water  j  and  to  this  is  added  the 
folution  of  tin,  drop  by  drop,  till  the  liquor  ceafes  to 
become  turbid.    The  precipitate  is  of  a  purple  co- 
lor, and  muft  be  edulcorated.    The  gold  is  preci- 
pitated by  the  tin,  merely  from  their  intimate  affinity 
to  each  other. 

This  calx  of  gold  brought  into  fufion  with  a  clear 
tranlparent  glafs,  tinges  it  of  a  purple,  red,  or  violet 
color.  Hence  the  method  of  making  falfe  rubies  and 
garnets. 

Glafs  melted  with  a  highly  dephlogifticated  calx 
of  gold,  retains  its  tranfparency ;  but  on  the  applica- 
tion of  heat,  it  abforbs  phlogifton,  and  produces  a  fine 
crimfon  color. 

A  folution  of  gold  in  aqua  regia,  applied  to  bone 
or  ivory,  leaves  a  reddilh  purple  ftain,  which  does  not 
wear  out.    Skins  are  ftained  in  the  fame  manner. 

If  writing  be  made  with  a  dilute  folution  of  gold 
in  aqua  regia  i  and  when  dry  brufhed  over  with  a  fo- 
lution 
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lution  of  tin  in  aqua  regia  j  the  letters  will  appear  of  a 
fine  purple  color.  This  is  a  syM^-ATHETic  Ink. 

There  is  no-precipitate  of  filver  ufed  in  the  arts  ; 
a  folution  of  fiiver  in  nitrous  acid  is  applied  for  ftain- 
ing  animal  matters  of  a  blade  color,  and  the  cak 
will  tinge  glafs  yellow. 


On  the  CALCES  and  PRECIPITATES  # 
COPPER. 

THE  fimple  calx  of  copper  fufed  with  glafs, 
tinges  it  of  a  green  color,  hence  the  imitation  of 
emeralds. 

Ap-een  Color, 

IF  a  folution  be  made  of  common  fait  and  blue 
vitriol  in  water,  by  putting  copper  plates  therein,  a 
green  precipitate  is  gradually  formed 

ScheeWs  green  Color. 
DISSOLVE  two  pounds  of  blue  vitriol  in  fix 
pounds  of  water,  in  a  copper  velTel ;  and  in  another 
ve/Tel,  diflblve  two  pounds  of  dry  white  ppt-afli,  and 
eleven  ounces  of  v/hite  arfenic,  in  two  pounds  of  water. 
When  the  folutions  are  perfed,  pour  the  arfenical  ley 
into  the  other  gradually,  and  you  will  obtain  about  one 
pound  fix  ounces  of  a  good  green  precipitate. 

Brunfivuk 
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Brmjwick  green. 

THIS  is  fuppofed  to  be  obtained  from  the  folu- 
tion  of  a  precipitate  of  copper  in  tartar  and  water, 
which  by  evaporation  yields  a  tranfparent  cupreous 
tartar,  which  is  faid  to  be  fimilar  to  the  fuperfine 
Brunfwick  green. 

Verditer. 

THE  method  of  preparing  this  color,  is  kept  a 
profound  fecret.  The  general  method  of  procedure 
is  as  follows :  but  the  fuccefs  of  the  procefs,  depends 
entirely  upon  circumftances ;  which  can  only  be 
known  from  great  attention,  and  fome  experience. 
The  liquor  which  is  ufed  in  parting,  is  fully  faturated 
with  filver;  which  is  precipitated  by  adding  very  pure 
copper.  This  nitrous  folution  of  copper  muft  be 
properly  diluted  with  very  pure  water,  diftilled  is  the 
beft,  and  the  copper  precipitated  on  chalk  properly 
prepared.  The  color  and  chalk  muft  be  well  mixed 
together  and  properly  dried. 

If  fome  copper  filings  be  put  into  a  bottle  with 
cauftic  volatile  alkali,  fo  that  no  empty  fpace  re- 
mains, and  then  clofely  flopped,  no  folution  takes 
place.  But  when  the  mixture  is  expofed  to  the  air 
for  a  fliort  time;  a  colorlefs  folution  is  obtained; 
which  on  longer  expofure,  acquires  a  blue  color; 
but  which  may  be  deprived  of  this  color  again,  as 

often 
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often  as  the  operator  pleafes,  by  letting  it  ftand  clofely 
flopped,  upon  frefh  copper  filings. 


On  the  CALCES  and  PRECIPITATES  c/LEAD. 

LEAD  expofed  to  the  aftion  of  fire  and  air  cal- 
cines; this  calx  is  called  Lead  Ashes.  By  the  cal- 
cination being  continiied  longer,  it  acquires  a  yellow 
color,  and  is  called  Massicot  j  and  by  a  brllker 
and  longer  continued  heat,  Minium,  or  red  lead  is 
produced.  A  greater  degree  of  heat  converts  the 
calx  of  lead,  firft  , into  Litharge,  and  afterwards 
into  Glass  of  Lead. 

The  operation  of  making  red  lead,  is  as  follows, 
viz.  a  quantity  of  lead  is  fufed  upon  a  hearth,  and 
worked  about  with  an  iron  rod,  till  the  calx  acquires 
a  yellow  color.  Then  it  is  ground  fmall  with  wa- 
ter at  a  mill,  conftrufted  for  the  purpofe  j  and  well 
waflied  to  deprive  it  of  fmall  lumps,  which  may  re- 
main uncalcined.  This  mafficot,  well  dried  is  put 
into  ftone  pots,  which  arc  placed  horizontally  in  the 
color  furnace.  Thefe  pots  are  fomething  more  than 
a  quarter  full,  and  applied  to  heat  till  they  acquire  a 
red  color;  a  brick  is  placed  at  the  mouth  of  each  pot 
to  confine  the  heat;  but  is  removed  occafionally  to 
work  the  matter  about.    By  continuing  this  heat  a 

N  fufficienc 
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fufficienc  time,  the  color  becomes  finer  and  finer  till 
the  minium  is  perfed. 


PATENT  YELLOW. 

ALTHOUGH  a  patent  is  obtained  for  this  co- 
lor, it  was  known  near  a  century  ago;  Scheele  pub- 
liflied  the  procefs,  and  is  faid  to  be  the  inventor.  It 
is  prepared  by  triturating  Minium,  and  common  fait 
together,  and  dien  expofing  them  in  a  crucible  to  a 
gentle  heat  In  this  procefs,  the  fait  is  decompofed, 
the  acid  uniting  with  the  calx  of  lead,  forms  the  pa- 
tent YELLOW,  and  the  alkaline  bafe  of  the  fait  re- 
mains In  the  compound;  which  is. obtained  by  care- 
fully wafliing  and  cryftallizing. 

'  The  calx  of  lead  tinges  vitreous  matters  of  a  yel- 
low color.  Hence  the  beautiful  glazing  given  to 
Queen*s  Ware.  It  is  compofed  of  8olb.  of  white 
fcad,  and  2olb.  of  flints,  ground  together  very  fine, 
and  mixed  with  water  till  it  becomes  as  thick  as 
cream.  The-  velTels  to  be  glaized,  are  dipped  into 
the  glaze,  and  fuffered  to  dry;  when  they  are  expofed 
to  a  fuificient  degree  of  heat  to  vitrify  the  furface. 

A  Sympathetic  Ink  is  formed,  by  making  a 
fblution  of  fijgar  of lead  in  pure  water,-  th«  writing 
^iirith  this  folution  appears,  upon  the  application^  of  a 

folution 
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folution  of  liver  of  fulphur  in  water,  or,  by  being 
holden  over  the  vapor  of  a  liver  of  fulphur." 


0»/^^C'ALCES^«iPRECIPITATESo/IRON. 

THE  calces  of  iron  are  of  different  colors,  as 
red,  yellow,  and  brown.  They  are  ufed  as  pigments 
under  the  name  of  ochres.  The  red,  or  aftringent 
faffron  of  iron,  is  ufed  for  giving  tea-urns  their  beau- 
tiful red  brown  color.  When  fufed  with  glafs  they 
give  red,  or  aurora  colors,  more  or  lefs  deep,  accord- 
ing to  the  degree  of  calcination.  Thefe  imitate 
the  Hyacinths. 

The  calx  of  copper  diflblved  in  vitriolic  acid  is 
recovered  in  a  metallic  form,  on  the  application  of 
iron  to  the  folution. 


On  PRUSSIAN  B  LtJ  E. 

PREVIOUS  to  the  making  of  this  fubftance,  an 
alkali  muft  be  prepared  as  follows,  viz.  fixed  alkaji 
muft  be  burnt  in  ox's  blood,  or  with  horn  fliavings, 
or  any  other  animal  matter.  The  fait  is  now  to  be 
Tvafhed  out,  and  is  called,  though  improperly,  Lye 

N  a  of 
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of  PHLOGISTIC  ATED  Alkali,  which  is  of  an  amber 
color,  and  has  the  fcent  of  peach  bloffoms. 

A  folution  of  martial  vitriol,  and  another  of  alum, 
are  put  together  in  a  large  glafs,  and  the  alkaline  lye 
poured  upon  them.  A  greenifli  precipitate  is  thrown 
down.  The  liquor  is  filtered  in  order  to  get  the  pre- 
cipitate by  itfelf,  which  is  colledled  and  put  into  a 
glafs  cup.  Upon  pouring  a  little  marine  acid  on 
this  precipitate,  it  immediately  acquires  a  fine  blue 
color.  This  part  of  the  procefs,  is  called  the  brigh- 
tening of  the  PrufTian  blue. 

'T'heory  of  Pruffian  Blue. 

THE  alkali  during  the  calcination,  unites  itfelf 
with  a  peculiar  acid,  contained  in  the  anima^  matters. 
During  the  formation  of  the  PrufTian  blue  the  follow- 
ing changes  take  place.  Firfl,  A  part  of  the  uncom- 
bined  alkali,  precipitates  the  earth  of  alum ;  fecondly, 
a  part  of  the  fame  alkali,  precipitates  a  portion  of 
the  iron  in  the  vitriol  j  and,  thirdly,  the  PrufTian 
acid  unites  with  the  remaining  iron,  and  forms  Pruf- 
fian blue.  This  is  of  a  greenifh  color,  from  the  mix- 
tures of  the  firft  and  fecond  precipitates ;  the  brigh- 
tening is  produced  by  tlie  marine  acid,  difTolving  the 
calx  of  the  fecond  precipitate. 

PrufTian  blue  may  be  made  without  alum,  in  the 
following  manner.  Pour  a  little  of  the  alkaline  lye 
into  a  glafs,  drop  in  an  acid,  till  no  farther  effervef- 

cence 
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cence  enfues.  Let  a  little  of  the  folution  of  martial 
vitriol  be  poured  into  the  lye,  and  a  fine  Priiffian 
blue  is  formed  that  needs  no  brightening. 

The  common  ftone  blues,  are  Pruflian  blue,  pre- 
cipitated on  large  quantities  of  clay. 


SYMPATHETIC  INKS  of  IRON. 

FIRST,  If  writing  be  made  with  a  folution  of 
green  vitriol  in  water,  to  which  a  little  acid  has  been 
added,  to  prevent  any  precipitation,  and  when  dry,  it 
be  brufhed  over  with  a  ftrong  decoftion  of  galls,  the 
invifible  charafters  will  be  rendered  of  a  fine  black 
color. 

Secondly,  If  the  charafters  written  with  ordinary 
ink,  be  deftroyed  by  nitrous  acid,  it  is-  recovered  by 
moiftening  them  with  liquid  fixed  alkali. 

Thirdly,  Charaders  written  with  a  folution  of 
green  vitriol,  will  appear  of  a  fine  blue  color,  if  they 
be  moiftened  with  fome  of  the  pruffianated  alkaline 
lye. 

If  a  fmall  quantity  of  dilute  nitrous  acid  be  put 
upon  a  piece  of  glafs,  and  a  rufty  nail  put  therein, 
fine  ramifications  fpread  about,  which  may  be  burnt 
in,  and  give  the  appearance  of  mocoes. 


CALX 
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G  A  L  X  of  TIN. 

THE  calx  of  tin  is  principally  ufed  for  making 
white  enamel,  an  inftance  of  fuch  compofition  is.,  as 
follows,  viz.  ten  parts  of  fand,  two  of  purified  alkali, 
ten  of  the  calx  of  lead,  and  three  of  the  calx  of  tin, 
mixed  together,  and  brought  into  flifion.  If  the  ena- 
mel be  wanted  of  any  other  color,  it  is  produced  by 
adding  different  metallic  calces,  ad  libitum. 

Opaque  natural  ftones,  may  be  imitated  by  the 
different  colored  enamels. 

Aurum  Mufivum. 

FUSE  twelve  ounces  of  tin,  and  add  to  it  three 
ounces  of  Mercury.  When  it  is  cold,  it  muft  be 
triturated  with  feven  ounces  of  fulphur,  and  three  of 
fal  ammoniac.  The  mafs  is  put  into  a  matrafs  ra- 
ther deep  in  fand,  with  a  gentle  heat  for  feveral  hours j 
at  length  the  heat  muft  be  encreafed  for  feveral 
hours  longer.  The  tin  is  developed  by  the  iiiarine 
acid  of  the  fal  ammoniac,  and  upon  this  combines 
with  a  portion  of  the  fulphur  j  the  remaining  fulphur, 
fal  ammoniac,  and  mercury,  are  fublimed ;  at  the  bot- 
tom of  the  matrafs,  the  tin  is  found  of  a  gold  co- 
lored micaceous  appearance,  throughout  its  whole 
fubftance.  If  the  heat  be  too  ftrong,  the  aurum 
mufivum,  fufes  into  a  black  mafs. 

CALX 
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CALX  0/ ANTIMONY.    Naples  Yellow. 

THERE  are  two  procefles  given  for  making 
this  color.  Firft,  one  pound  of  antimony,  one  pound 
and  a  half  of  lead,  one  ounce  of  alum,  and  one  ounce 
of  common  fait.  Secondly,  twelve  ounces  of  pure 
cerufs,  two  ounces  of  diaphoretic  antimony,  half  an 
ounce  of  calcined  alum,  and  one  ounce  of  pure 
ammoniac.  The  ingredients  are  to  be  well  mixed 
together,  and  calcined  in  a  moderate  heat  for  three 
hours,  in  a  covered  crucible,  till  it  becomes  barely 
red  hot  J  when  the  mafs  will  become  of  a  beautiful 
yellow  color.  With  a  larger  portion  of  calx  of  anti- 
mony, and  fal  ammoniac,  the  yellow  verges  towards 
o;old  color. 

Glafs  may  be  tinged  yellow  with  the  above  pre^ 
paration. 


On  the  CALX  of  COBALT. 
WHEN  regulus  of  cobalt  is  expofed  to  a  mode- 
rate fire  in  the  open  air,  it  calcines,  and  is.  reduced  to 
a  blackilh  powder. 

This  calx  vitrifies  with  vitrlfiable  matters,  and 
forms  beautiful  blue  glaffes.  Cobalt  is  at  prefent 
the  only  fubftance  known,  which  has  the  property 

N4 


s84  CHEMICAL  PRINCIPLES  OF 

of  furnifliing  a  very  fine  blue,  that  is  not  changed  by 
the  moft  intenfe  heat, 

Sympathetic  Ink  of  Cobalt. 
DIGEST  Zaffire  in  aqua  regia,  and  dilute  the  fo- 
lutlon  with  four  times  its  weight  of  foft  pure  water. 
Charafters  written  with  it,  do  not  appear  till  the  pa- 
per is  warmed  j  when  the  traces  of  the  pen  are  vifible, 
under  a  fine  fea  green  color.    This  color  difappears 
as  the  paper  cools,  and  is  renewed  on  warming  again; 
and  thus  alternately  vanifhes  and  re-appears,  for  an 
indeterminate  number  of  times.    As  the  folution  of 
regulus  of  cobalt,  or  zafFre  in  fpirit  of  nitre,  acquires 
a  reddifh  color,  by  application  of  heat,  fo  a  variety  of 
color  may  be  given.    Thus  landfcapes  may  be 
fketched  with  common  ink,  to  give  a  profped  of 
winter ;  while  the  folution  of  cobalt  in  aqua  regia, 
on  the  applicadon  of  heat,  gives  the  verdure  of 
fpring ;  and  the  nitrous  folution  may  reprefent  fruit, 
flowers,  &c. 


CALX  of  MANGANESE. 

CALX  of  manganefe  mixed  with  glafs,  gives  it  a 
red  or  purplifh  color.  In  a  larger  pordon  it  pro- 
duces a  deep  purple  color.    The  manganefe  is  ufed 

for 
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for  giving  a  black  colored  glaze,  which  is  compofed 
of  twenty-one  parts  of  white  lead,  five'  parts  of  pow- 
dered flints,  and  three  parts  of  manganefe.  This  is 
ufed  for  common  earthen  ware. 


On  the  CALCES  and  PRECIPITATES  of 
MERCURY. 

MERCURY  diflblved  in  the  nitrous  acid  may 
be  precipitated  j 

Firft,  Of  a  white  color,  by  adding  a  folution  of  fal  , 
ammoniac  to  the  nitrous  folution,  and  carefully  pre- 
cipitating with  a  folution  of  fixed  allcali. 

Secondly,  Of  a  browniih  red  color,  by  precipitat- 
ing the  nitrous  folution  with  fixed  alkali,  or  lime- 
water. 

Thirdlv,  Of  an  orange  color,  with  pure  mineral 
alkali. 

Fourthly,  Of  a  rofe  color,  with  urine. 

Fifthly,  Of  a  vermillion  red,  with  Beguin's  fpirit. 
Which  is  fulphur  difTolved  in  caufbic  volatile  alkali, 
by  the  application  of  a  digefting  heat. 

Sixthly,  Of  a  blue  color,  with  Meyer's  extraft  of 
Berlin  blue  j  which  is  the  coloring  matter  of  Pruffian 
blue  extraded  with  volatile  alkali.  And 


Seventhly, 

I 
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Seventhly,  Of  a  black  color,  with  a  folution  of 
liver  of  fulphur. 

How  far  thcfe  precipitates  of  mercury,  may  be 
ufed  as  pigments  depends  upon  future  trials. 


A  TABLE  of  the  Weight 


loo  Grains. 

Gold  in  Aqua 
Reeia. 


Precipitated  by 
Aerated  min.al 
Cauftic  ditto 
Pruffian  ditto 


Silver  in 
Nitrous  Acid. 


Copper 
Nitrous  Acid. 


Iron 
Vitriolic,  or 
Marine  Acid. 


Tin 
Aqua  Regia,  or 
Marine  Acid. 


Lead 
Nitrous  Acid. 


Aerated,  &c. 
Cauftic 
Pruffian 
iVIarine  Acid 


Aeiated 
Cauftic 
Pruffian 


Aerated 

Cauftic 

Prtiffian 


Aerated 
Cauftic 
Pruffian 


Aerated 
Cauftic 
Pruffian 
Vitriolic  Acid 


Mercury- 
Nitrous  Acid. 


Zinc 
Nitrous  Acid. 


Aerated 
Cauftic 
Pruffian 
Vitriolic  Arid 


Aerated 
Cauftic 
Pi  uffian 


IFght 
106 
1 10 


1-9 
1 1 2 

145 

194 
15S 
530 


or  if  dilute  Belli  color 


225 
170 
590 


131 
130 

250 


132 
126 


ill 
1 1  o 
104 


130 


'93 
161 

495 


Cclcr. 

Ycllowifti 

Darker,  retains  more  Acid 
Yellowifli  orbluifti 

White 
White 
Brick  color, 
White  clouc  s 

Eluifli  green 
Greyifti  bra 
Dark  red 

Greenilli  brown,  fjon  after  yellowiffi. 

Darker  bro\i.n 

Blue 

White 
White 

Dark  green,;grows  blue 

Wiiite 
White 

Greenifli  yellow,  grows  wliite 
White  grains 

Brick  color 
Yellower 

White  and  yellow,  wjth  fpotsofgrcen 
White  I 

Dull  whift 
Reddlfti  yellow,  grows  whitillij-ellow 


I 


Color  of  Metallic  Precipitates. 


100  Grains. 

Regulus  of 
Antimony. 

Precipitated  by 
Aerated 
Cauftic 
Pruffian 

W iight. 
1 40 
138 

Bifmuth 
Nitrous  Acid, 

Aerated 
Cauftic 
Pruffian 
Water 

'3° 
125 
180 
113 

^  Nickel 
Nitrous  Acid. 

Aerated 
Cauftic 
Pruffian 

135 
128 

250 

Cobalt 
Nitrous  Acid. 

Aerated 
Cauftic 
Pruffian 

160 
140 
142 

Arfenic 
Marine  Acid, 
or  Aqua  Regia. 

Aerated 
Cauftic 
Pruffiian 

180 

Manganefe 
Nitrous  Acid. 

Aerated 

Cauftic 

Pruffian 

180 
168 
150 

Color. 

I  Dull  white 

Blue,  eafily  rcrdiiTolved  by  excefs,  then  green 

I  White 

Reddifti  yellow 
White 

I  Whitifti  green 

Dirty  reddiflj  yellow,  or  red  and  greenilh  yellow 


j  Greenilh  pale  red 
Blue,  greyer  than  that  of  irori 


j  White  imperfefl: 
Green  and  yellow  mixed 

j  Browniffi  red  when  dephlogifticated,  or  whi 
)     if  phlogifticated 
Dirty  bluifli  grey,  grows  brownifti  grey. 


Thefe  precipitates  are  fuppofed  to  be  well  waftied  in  diftilled  Water ;  and  dried  in 
Heat  of  2 1 2*  of  Falirenheit,  to  which  they  are  expofed  for  ten  Minutes. 


PART  IV. 


SHORT  ACCOUNT 

OF  THE 

PRINCIPAL  DISEASES 

OF 

METALLIC  ARTISTS; 

WITH  SOME  PLAIN  DIRECTIONS 

CONCERNING  THEIR. 

PREVENTION  and  CURE. 
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Of  the  DISEASES  of  METALLIC  ARTISTS, 
andtheM¥.K^S  of  PREVENTION  and 
RELIEF. 

IN  the  application  of  metals  to  the  different  arts, 
the  perfons  employed,  are  often  injured  to  a 
erreat  degree,  by  fome  of  the  particles  entering  their 
bodies;  either  in  confequence  of  being  fwallowed 
along  with  the  fpitde,  drawn  in  along  with  the 
breath,  or  abforbed  by  the  pores  of  the  fkin.  For 
the  benefit  of  fuch  perfons,  therefore,  we  fhall  here 
give  a  Ihort  account  of  the  principal  diforders,  to 
which  they  are  feverally  expofedj  together  with 
fome  plain  and  general  direftions,  refpefting  their 
prevention  and  cure.    In  doing  this,  we  lliall  follow 
the  order  in  which  the  metals  have  been  already  con- 
fidered  in  the  preceding  parts  of  the  book;  paffing 
by  thofe  in  the  working  of  which  no  material  injury 
happens. 


GOLD. 

AS  the  mifchief  which  is  done  to  the  conftitution 

by  gilding,  proceeds  entirely  from  the  mercury  em- 
ployed 
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ployed  In  the  procefs,  we  lhall  referve  what  we  have 
to  fay  thereon  until  we  come  to  treat  of  the  efFeds 
of  that  peculiar  metal. 


COPPER. 

THE  makers  of  verdigrife  and  verditer;  painters 
Who  grind  and  mix  this  laft  preparation  with  oilsj  and 
braziers,  but  in  a  flighter  degree,  are  Hable  to  take 
infome  cupreous  particles,  which  diforder  the  eon- 
ftitution  fomewhat  in  the  fame  manner  as  lead.  They 
acquire  a  fallow  countenance,  their  hair  becomes 
greenilh,  with  which  color  their  fpittle,  which  has 
befides  a  brackifli  tafte,  and  excrements  are  like- 
wife  tinged.    They  wafte  away  and  become  pre- 
maturely old.    They  are  affefted  with  tremblings 
of  the  hmbs,  and  pains  and  twitchlngs  in  the  ftomach 
and  bowels;  which  laft,  however,  are  not  always 
conftipated,  as  is  the  cafe  from  lead,  but  are  fome- 
times  on  the  contrary,  very  loofe. 

Such  perfons  fhould  take  care  to  throw  out  their  fpit- 
tle during  their  work,  and  never  negled  to  wafh  their 
hands  and  face,  and  even  change  at  leaft  a  part  of  their 
clothes,  fuch  as  their  coats  and  waiftcoats,  when  they 
leave  off.  It  would  be  a  great  convenience  in  point 
of  cleanlinefs,  and  a  great  advantage  in  point  of  health, 
for  all  f\ach  perfons  to  put  on  fomething  like  a  wag- 
4  goner's 
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goner's  frock  while  at  work,  laying  it  afide  again 
when  they  have  done.  This  would  be  found  in  the 
end,  to  be  a  great  faving  in  clothes;  and  what  is  ftill 
more  defirable,  a  great  faving  in  phyfic.  Thefe  re- 
marks will  equally  apply  to  thofe,  who  work  at  any 
of  the  other  injurious  metals. 

For  the  above  mentioned  complaints,  after  they 
have  once  come  on,  mild  and  foftening  methods 
will  generally  anfwer  beft ;  fuch  as  the  ufe  of  broths, 
o-ruel,  or  milk  and  water.    If  ^  there  is  much  un- 
eafmefs  at  the  ftomach,  fome  camomile  tea  ftiould 
be  taken,  fo  as  to  occafion  vomiting.    If  the  pains 
and  twitchings  are  violent,  a  draught  of  peppermint 
water,  with  fifteen  or  twenty  drops  of  laudanum  will 
be  proper  ;  and  if  the  bowels  are  bound,  fome  fenna 
tea  fliould  be  taken,  or  what  is  ftill  better,  an  elec- 
tuary, compofed  of  an  ounce  of  lenitive  eleftuary, 
and  half  an  ounce  of  lk>wers  of  brimftone,  mixed  up 
with  fome  fyrup  of  marfh-mallows.    A  tea  fpoon- 
ful,  or  thefize  of  a  walnut,  to.be  taken  till  it  procures 
a  ftool  or  two.    But  on  the  other  hand,  if,  as  fome- 
times  happens,  there  fhould  be  a  purging,  the  pep- 
permint draught,  with  laudanum  above  mentioned, 
ftiould  be  repeated  every  three  or  four  hours, 
until  it  is  checked.    After  the  pain  has  been  re- 
moved, and  the  bowels  have  been  fufficiently  eleanfed, 
by  keeping  them  moderately  open,  a  tea  fpoonflil 
of  the  Peruvian  bark  in  powder  may  be  taken  twice 

-  a  d  ay. 
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a  day,  in  a  glafs  of  cold  water,  for  about  a  week, 
care  being  taken  that  it  does  not  bind  up  the  body, 
for  if  it  has  that  effed;  it  will  not  be  proper.  People 
that  diflike  the  ele6luary,  nnay  take  fome  magnefia 
and  rhubarb  in  its  place. 


IRON. 

DURING  the  forging  and  hammering  of  iron, 
the  fcales  which  fly  off,  frequently  get  intb  the  work- 
men's eyes,  and  if  not  quickly  diflodged,  occafion 
great  inflammation  and  pain.    The  common  me- 
thods of  removing  them,  are  wafliing  the  eye  with 
cold  water,  or  picking  them  out  with  a  needle,  in 
performing  of  which,  fome  of  the  workmen  are  very 
dextrous.    But  thefe  methods  fometimes  fail,  in 
which  cafe,  recourfe  mufl;  be  had  to  the  magnet,- 
which  will  frequently  fucceed,  and  is  then  found  the 
eafieft  and  moft  expeditious  extraftor.    If  any  in- 
flammation fhould  remain,  the  eye  may  be  wafhed 
afterwards  with  a  cooling  eye  water,  made  by 
diflfolving  fifteen  grains  of  white  vitriol,   in  half 
a  pint  of  cold  water.    The  diforders  of  grinders  of 
iron,  being  produced  by  the  particles  of  the  ftoncs, 
and  not  of  the  metal,  cannot  be  properly  noticed  here, 
butpolifhers  and  fteel  grinders,  from  the  great  ufe 
of  emery,  and  oil,  are  very  fubjeit  to  indifpofitions 
of  the  ftomach  and  bowels.    The  general  fymptoms 

are 
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are  oppreflion  of  tlie  ftomach,  coftlvenefsj  and  fre- 
quently pain  in  the  bowels  j  but  they  are  eafily  re- 
moved by  a  gentle  vomit,  giving  the  next  morning 
fome  opening  phyfic,  and  taking  plentifully  of 
broths,  &c.  When  the  pain  continues  after  the  pur- 
gative, it  m^y  be  removed  by  giving  oily  purging 
mixtures,  with  the  addition  of  a  little  laudanum. 


TIN. 

THEinconveniencies  which  happen  to  pewterers, 
enamellers,  and  all  thofe  that  are  any  wife  employed 
in  the  melting  of  tin,  either  by  itfelf  or  along  with 
other  metals,  proceed  chiefly  from  the  particles  of 
arfenic  which  it  contains,  and  will  be  more  properly 
noticed  therefore  amongft  die  efFe6ts  of  that  femi- 
metal. 


LEAD. 

LEAD  miners,  plumbers,  letter-founders,  re- 
finers, the  makers  of  cerufle,  painters,  &c.  are  fub^ 
je6t  to  a  peculiar  kind  of  colic,  called  the  dry  belly" 
ach,  which  often  ends  in  a  palfy  of  the  upper,  and 

O  fome- 
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fometimesof  the  lower  limbs  of  the  body.  This 
diforder,  which  is  occafioned  by  the  particles  of  lead, 
is  marked  by  the  following  fymptoms. 

The  countenance  becomes  fallow,  the  appetite, 
fails,  with  an  uneafinefs  and  ficknefs  at  the  ftomach, 
and  great  coftivenefs.  T^he  pain,  which  is  greateft 
about  the  naval  and  loins,  comes  on  by  degrees,  m- 
creafmg  at  length  to  fuch  a  violent  pitch,  as  to  caufe 
frequent  vomitings,  and  in  many  cafes,  a  drawing  in 
of  the  belly  at  the  navel ;  where  it  feels  hard,  and. 
cannot  bear  to  be  prefied. 

Under  thefe  circumftances,  the  firft  thing  to  be 
done,  is  to  take  fome  camornile-tea,  fo  as  to  provoke 
vomiting,  and  thereby  clear  the  flomachj  after 
•which"  twenty  drops  of  laudanum  fhould  be  fwal- 
lowed  in  a  glafs  of  water,  and  repeated  every  two  or 
three  hours  until  the  pain  is  abated,  or  fleep  is  brought 
on.    If  on  waking  the  pain  returns,  the  laudanum 
draughts  muft  be  repeated  again  in  the  fame  man- 
ner.   By  purfuing  this  mode  of  treatment  for  three 
or  four  days,  during  which  time  the  patient  muft  be 
fupported  by  broths  and  other  fpoon  meats,  the  pain 
and  hardnefs  of  the  belly  are  generally  removed,  fo 
as  to  allow  of  the  employment  of  purging  medi- 
cines, of  which  the  mildeft  Tort  ufually  anfwer  beft; 
fuch  as  a  drachm  of  cream  of  tartar,  or  in  its  place, 
two  drachms  of  Epfom  or  Glauber's  falts,  dilTolved 
in  a  little  warm  water,  or  fenna-tea,  and  taken  every 

two 
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two  hours  until  the  bowels  are  opeped.  Some  re- 
commend for  this  purpofe,  the  oil  of  ricinus  or 
palma  chrifti.  Half  an  ounce,  or  fix  drachms  of  it 
niay  be  fwallowed  for  a  dofe  in  a  glafs  of  peppermint 
water,  there  being  no  occafion  to  mix  it  up,  as  is 
commonly  directed,  with  the  yolk  of  an  egg.  As 
much  as  an  ounce  of  it  at  a  time  has  been  given  to 
fome  patients ;  but  in  fuch  quantities  the  ftomach  is 
feldom  able  to  retain  it.  Should  the  pains  ftill  return, 
the  laudanum  draughts  fhould  be  again  employed, 
and  if  thefe  are  not  effedual,  opiate  glyfters  Ihould 
be  likewife  adminiftered. 

To  obviate  the  coftivenefs,  which  fometimes  lafts 
a  long  time,  and  which,  if  not  carefully  removed, 
brings  on  a  relapfe,  fome*  gentle  opening  phyfic  muft 
be  ufed  daily  ;  fuch  as  cream  of  tartar,  fenna-tea,  or 
the  eledtuary  with  flowers  ofbrimftone  as  mentioned 
already  in  treating  of  the  effeds  of  copper. 

In  order  to  defend  themfelves  from  the  bad  efFedts 
of  lead,  all  thofe  that  are  in  any  manner  expofed  to  its 
daily  influence,  fhould  eat  fome  fat  broth,  or  brea4 
fpread  thick  with  butter  or,  lard,  before  they  enter 
upon  their  work.  It  is  with  the  fame  intention 
that  fome  have  recommended  a  glafs  of  fallad  oil, 
with  a  litde  brandy,  to  be  taken  fafl:ing.  In  other 
refpe6ls  the  precautions  concerning  cieanlinefs,  as 
noticed  under  the  article  copper,  are  equally  proper 
here. 

O  2  MER- 
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.  MERCURY. 

THE  fumes  of  this  fiPxgular  metal,  to  which 
gilders,  looking  glafs  makers,  the  preparers  of  Ver- 
million, fublimate,  &c.  are  particularly  expofed,  dif- 
order  the  body  in  a  frightful  manner.  The  chief 
complaint  which  they  induce  is  a  trembling  and  palfy 
of  the  limbs }  but  thefe  are  accompanied  with  many 
other  diilreffing  fymptoms. 

The  countenance  looks  heavy,  pale,  and  yellow. 
The  gums  are  corroded,  and  eafily  bleed  j  the  teeth, 
which  are  turned  black,  become  loofe,  and  fome- 
times  fall  out  j  the  infide  of  the  mouth  is  covered  with 
ulcers,  and  there  is  a  continual  flow  of  fpittle.  The 
breath  is  very  fcetid,  and  the  refpiration  is  obfcrufted. 
The  neck,  arms,  and  legs,  are  afFeded  with  trem- 
blings, and  at  length  become  quite  paralytic.  Along 
with  all  this,  there  is  commonly  fome  degree  of 
Hammering,  and  now  and  then  a  total  lofs  of  fpeech ; 
together  with  deafnefs,  and  a  general  dulnefs  and 
ftupor  of  the  fenfes. 

Suchperfons,  unlefs  they  change  their  employ- 
ment, feldom  live  to  an  old  age. 

The  cure  of  thefe  formidable  complaints,  confifts 
firft  of  all  in  expelling  the  mercurial  particles  out 
of  the  body,  which  is  chiefly  done  by  means  of  fweat- 
ing'}  and  afterwards  in  employing  proper  medicines, 
to  remove  the  fpafms  and  weaknefs  of  the  limbs. 

After 


METALLIC  ARTISTS.  197 

After  giving  an  emetic,  the  firfl:  intention  is  an- 
fwered  by  going  into  the  warm  bath,  and  then,  after 
being  laid  in  bed  between  the  blankets,  taking  a  dofe 
of  Dover's  powder  the  operation  of  which  muft 
be  affifted  by  drinking  every  now  and  then  a  little 
warm  gruel,  tea,  or  weak  wine  whey. 

Care  nnuft  be  taken  to  keep  in  bed  as  long  as  any 
fweat  comes  out ;  and  after  getting  up,  not  to  go 
into  the  cold  air.  This  fweating  plan  muft  be  per- 
fifted  in  for  fome  time,  repeating  it  at  firft  every 
night,  then  every  other  night,  and  towards  the  end, 
thrice,  twice,  or  only  once  a  week.  During  this, 
fome  of  the  decoftion  of  the  woods  may  be  taken  in 
the  day  time.  After  the  fweatings,  if  the  body 
.fhould  be  bound,  it  muft  be  opened  by  fome  fenna- 
tea,  or  the  eleftuary  with  flowers  of  brimftone,  al- 
ready defcribed.  The  food  fliould  be  light,  but 
nourifhing;  confifting  chiefly  of  milk,  broths,  and 
puddings. 

After  the  mercurial  particles  have  been  thus  ex- 
pelled, which  is  known  by  the  difappearance  of  the 
moft  diftrefllng  fymptoms,  the  warm  bath  and  fv/eat- 
ing  powder  may  be  laid  afide;  and  bracing  and 
ftrengthenlng  medicines  may  be  now  employed. 
Amongft  thefe,  the  beft  for  this  purpofe,  are  pills 
compofed  of  equal  parts,  of  the  gum  pills,  and  ex- 
tra6l  of  gentian,  viz.  a  drachm  of  each,  beat  up  to- 
gether, and  divided  into  twenty-four  pills  j  of  which 

O  3  three 
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three  are  to  be  taken  night  and  nnorning.  Eleflrl- 
city  is  likewife  of  ufe.  If  much  weaknefs  fliould  ftill 
remain,  notwithftanding  thefe  medicines,  half  a 
drachm  of  powdered  bark  may  be  fwallowed  down 
in  a  glafs  of  cold  water  twice  a  day  taking  care  at 
the  fame  time  that  it  does  not  occafion  coftivenefs. 
At  this  time,  the  cold  bath  and  fteel  medicines 
will  be  likewife  proper. 

Gilders  fhould  be  pardcularly  caudous  to  turn 
their  heads  afide  as  much  as  can  be,  during  their 
work;  for  by  properly  attending  to  this,  they  would 
efcape  moft  of  the  fumes.  Tl]ey  fhould  moreover 
always  contrive,  as  much  as  pofTible,  by  opening  the 
windows,  or  door  of  the  place  where  they  are  at 
work,  to  have  a  current  of  air  from  behind  them  to- 
wards the  chimney.  Where  this  could  be  managed, 
efpecially  if  a  brilk  fire  were  at  the  fame  time  kept 
up,  the  mercurial  fumes,  inftead  of  being  difFufed  in 
the  atmofphere  around  them,  would  be  immediately 
carried  away  in  a  body  up  the  chimney. 

With  regard  to  the  diet  of  fuch  people,  it  (hould 
be'  nourifliing,  but  quite  temperate.  Whenever 
they  feel  themfelves  much  difordered,  they  fhould 
take  a  vomit;  and  they  fhould  always  be  careful 
to  keep  their  bodies  moderately  open. 

It  is  no  unufual  practice  with  people  employed 
in  working  quickfilver  mines,  to  put  oh  gloves  and 
malks  furnilhed  with  glafs  eye-holes.    Gilders  would 

do 


METALLIC  ARTISTS.  199 
do  well  to  imitate  them  in  boththefe  refpefts.  They 
can  have  no  objeftion  to  follow  the  firft ;  and  a  little 
reflexion  will  ferve  to  convince  them  of  the  pro- 
priety of  overcoming  every  prejudice  againft  the  laft 
of  thefe  precautions. 


ARSENIC. 

MANY  of  the  ores  of  filver,  and  fome  of  thofc 
of  tin,  antimony,  &c.  as  has  been  already  Ihown  in 
the  firfl:  part  of  our  book,  contain  a  portion  of  arfe- 
nic,  to  the  vapors  of  which  the  workmen  are  ex- 
pofed  during  the  pounding,  roafting,  and  fmelting  of 
thofe  metals.  The  fame  thing  happens  likewife  in 
the  making  of  pewter,  enamels,  and  all  compound 
metals,  in  which  arfenic  is  ufed  as  an  ingredient. 

In  which  foever  of  thefe  ways,  the  arfenical  fumes 
come  to  be  applied  to  the  human  body,  they  never 
fail  to  diforder  it  to  a  violent  and  even  dangerous 
degree. 

When  they  aire  not  applied  in  fuch  confiderable 
quantity  as  to  prove  an  immediate  poifon,  they  ope- 
rate fo  as  to  undermine  the  conftituuon  in  a  flow,  but 
effeftual  manner. 

They  feem  to  aft  chiefly  on  the  nervous  fyfl:em, 
inducing  a  confl:ant  feverifli  fl:ate,  with  lofs  of  appe- 

O  4  tite. 
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tite,  ficknefs,  and  occafional  vomiting,  and  daily  waft- 
ing away  of  the  flefli.  The  ftomach  and  bowels  arc 
often  tormented  with  twitching  pains ;  and  there  is 
a  general  trembling  of  the  limbs,  with  giddinefs  and 
head-ach.  The  breathing  is  moreover  very  much 
difturbed,  and  adiftreffing  afthma  is  often  brought  on. 
Uniefs  they  are  checked  in  due  time,  thefe  fymptoms 
go  on  increafing,  till  the  hedic  fever  becomes  con- 
firmed, and  then  the  patient  dies  confumptive. 

For  the  mitigation  or  removal  of  thefe  complaints, 
it  Will  be  proper  to  talce  a  gentle  puke  of  camomile 
tea  or  ipecacuanha ;  and  afterwards  to  keep  the  body 
open  by  mild  purges,  fuch  as  fenna-tea,  or  the  elec- 
tuary with  brimftone.  Where  there  is  much  cof- 
tivenefs,  or  any  great  fulnefsorfweliing  of  the  belly, 
a  giyfter  fliould  be  thrown  up.  A  gentle  fweat 
fhould  likewife  be  kept  up,  by  the  frequent  ufe  of 
fmall  quantities  of  warm  decoftion  of  barley,  milk 
and  water,  or  linfeed-tea  j  and  at  night,  efpecially 
if  there  be  much  pain  or  twitching  of  the  ftomach 
or  bowels,  fifteen  or  twenty  drops  of  laudanum  may 
betaken  in  a  draught  of  any  of  the  liquids  juft  now 
:mentioned.  The  warni  bath  may  be  alfo  employed 
with  advantage.  It  will  be  of  great  fervice  too  to 
take  once  oi-  twice  a  day  for  fome  length  of  time, 
fmall  dofes,  fuch  as  fifteen  or  twenty  grains  of 
flowers  of  brimftone,  mixed  up  with  a  little  milk.  A 
French  phyfician  of  confiderable  repute,  has  recom- 
mended 
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mended  in  thefe  cafes,  the  liver  of  fulphur.  It  may- 
be made  up  into  pills,  and  given  in  the  dofe  of  four 
or  five  grains,  with  a  draught  of  warm  water  after  it. 

The  diet  fhoUld  be  the  fame  as  that  prefcribed  for 
gilders,  viz.  it  fhould  confiil  chiefly  of  milk.  For 
reftoring  the  ftrength,  and  completing  the  cure,  bit- 
ters and  fteel  medicines  fliould  be  employed,  viz:. 
pills  com pofed  of  a  drachm  of  extraft  of  bark,  half 
a  drachm  of  extrad  of  gentian,  and  fifteen  grains  of 
fait  of  fteel,  beat  up  together,  into  twenty  pills. 
Three  to  be  taken  night  and  morning. 

All  that  has  been  faid  under  the  article  rrrercury^ 
refpeding  cleanlinefs,  and  the  other  means  of  pre- 
vention, applies  with  equal  propriety  here. 

Befides  thediforders  already  mentioned,  there  are 
fome  others  occafioned  by  the  vapors  of  the  mineral 
acids j  and  the  fumes  of  charcoal ;  but  as  thefe  do  not 
depend  upon  the  particles  of  the  metals  themfelves, 
and  as  they  are  moreover  common  to  many  other 
forts  of  artifts,  it  cannot  be  expeded  they  Ihould  be 
treated  of  here* 
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